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Mr. J. Rayer, Quality Superintendent, Timken-Detroit Axle Co. explains 
the new Quality Control installation to members of his staff. 
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it is possible to amplify one per cent of the 
thickness of the stock being checked to extend 
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The Measuray may be mounted on a pro- 
duction machine, or it may be used at the 
bench to measure stationary objects, espe- 
cially those whose surfaces might be marred 
by a contact gage, or those of such resiliency 
that the contact gage measurements are not 
practicable. 

See the Measuray demonstrated at the 
Sheffield plant in Dayton. Bring samples of 
work to be checked to see for yourself 
the savings in material and time, elimination 
of losses in destructive testing, and the in- 
crease in uniform quality which the Sheffield 
Measuray can bring you 

lf a visit is not convenient, write us for de- 
tailed information. For an early installation, 
ask for o survey to be made in your plant by 
Sheffield engineers—no obligation on your part. 


Write to Department A 
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Sampling Plans 
or Verifying Clerical Work 


Objective 

This article deals with sampling 
plans for verifying clerical work 
where the purpose of the verifica- 
tion is not primarily to detect and 
correct errors in work already com- 
pleted, but rather to reveal prompt- 
ly conditions calling for remedial 
action, and thus to help minimize 
the number of errors in work cur- 
rently being performed. Interest 
centers chiefly in how to improve 
what is going to happen in the 
future, and not in correction of 
what has happened in the past. 


Conditions Favorable to Sampling 


A sampling plan for verifying 
clerical work may be employed to 
best advantage under the follow- 
ing conditions: 

a. The work can be divided into 
units of substantially the same 
kind. High grade work that is 
difficult to measure will ordin- 
arily not meet this requirement. 


b. There is a large volume, or a 
continuous flow, of such units. 

c. Each work unit can be classified 
as correct or incorrect. In what 
follows, an incorrect work unit 
will be referred to as a “de- 
fective unit,” or more simply, a 
“defect” or “error.” 

d. Failure to detect every error is 
not too serious. A sampling 
plan will not result in the detec- 
tion of every error. 


1. DESIGNING A SAMPLING PLAN 


Acceptance Level 

Many types of clerical work are 
such that the number of errors rel- 
ative to the volume of work per- 
formed can be reduced to a certain 
point without much adverse effect 
on production; in fact, a steady, 
even performance is often conduc- 
ive to a high degree of accuracy. 
Insistence on even greater accu- 
racy, however, may result in a 
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considerable reduction in hourly 
production. In that case, if greater 
accuracy is necessary, it may be 
cheaper to obtain it by subsequent- 
ly verifying the work and correct- 
ing the errors than to slow down 
the original work too much. In 
any case, it is necessary to arrive 
at some decision as to what level 
of accuracy in the original work is 
reasonable and desirable, taking 
into consideration both the dam- 
age resulting from the perpetra- 
tion of errors and the effect on 
costs of trying to eliminate them. 
This level will be referred to as the 
“acceptance level,” and will be ex- 
pressed as the ratio, in percent- 
age, of the number of defective 
work units (containing one or 
more errors) to the total number of 
work units performed. 


For the initial installation of a 
sampling plan, the acceptance 
level should be set with a view to 
attaining the desired objective of 
effecting some improvement in the 
quality of the work. From an anal- 
ysis of past performance, the ex- 
perienced clerks whose production 
rate is satisfactory may be ranked 
with respect to percentage of de- 
fective work units, and the accept- 
ance level may be tentatively set 
at the average performance of the 
best one-third of these clerks. Later, 
this level may be revised to a 
higher or a lower standard. Differ- 
ent types of work should generally 
have different acceptance levels. 
Also, it may be desirable to set 
one level for experienced clerks 
and another for beginners. It is 
theoretically possible to set the 
acceptance level at zero; but the 
cost may be excessive. As a practi- 
cal matter, it is usually best to set 
the acceptance level at a mark 
that is attainable, sooner or later, 
by every one whose work is to be 
judged by that level. 


Operating Characteristics 


A good sampling plan provides 
definite rules for deciding whether 
or not the work is satisfactory with 
respect to accuracy. If the appli 
cation of these rules to a particular 
sample leads to a favorable de 
cision, the work will be regarded 
as “accepted.” If the rules lead to 
an unfavorable decision, the work 
will be regarded as “not accepted.” 


Unfortunately, these decisions 
will sometimes be wrong. The ele 
ment of chance involved in taking 
a sample may operate to yield 
a sample containing very few er 
rors, when, actually, the quality of 
the work, on the whole, is poor, 
or, conversely, a sample containing 
a relatively large number of errors, 
when, actually, the overall quality 
of the work is good. For this rea 
son, there is some risk that work 
will be accepted when the individ 
val who performed it is actually 
making too many errors, and some 
risk that work will not be accepted 
when, on the whole, it is really 
satisfactory. It is important to have 
some conception of the size of the 
risks of making wrong decisions 


Table | shows the approximate 
risks for a particular sampling plan 
that will be described in the section 
headed “Group Sequential Samp 
ling.” The first line of this table 
shows that if, on the average, .3 
per cent of the work units are in 
error, the plan will lead to accept 
ance of the work 98 per cent of the 
time, and will lead to nonaccept 
ance 2 per cent of the time. If .6 
per cent of the work units are in 
error, the work will be accepted 41 
per cent of the time, and not ac 
cepted 59 per cent of the time. If 
9 per cent of the work units are 
in error, the work will be accepted 
only 7 per cent of the time. 








TABLE | 
OPERATING CHARACTERISTICS OF 
SAMPLING PLAN | 
Chance of 


Per Chance of Not 

cent Accepting Accepting 
Defective the Work the Work 

3 98 02 

4 89 1] 

5 67 33 

6 4] 59 

7 23 77 

8 12 88 

9 07 93 

1.0 04 96 


Figure | exhibits a curve, based 
on Table |, that shows the relation 
ship between the per cent defect 
ive and the chance of accepting 
or not accepting the work Each 
line in Table | is represented by a 
point on the curve, which is known 
characteristic 


as the operating 


curve 


Choosing the Risks 

Associated with every sampling 
plan there exists a unique operat 
ing characteristic curve. Moreover, 
it is possible to design a plan that 
will cause the curve to pass 
through, or approach very closely, 
any two selected points inside the 
rectangle in which the curve is 
drawn, provided one of the points 
is to the right of the other point 
and a sufficient distance below. In 
practice, this means that a deci 
sion can be made at the outset re 
quiring the sampling plan to be 
such that when the per cent de 
fective is at the acceptance level, 
the chance of accepting the work 
will be large—say .99, so that the 
risk of not accepting is only 1 in 
100—and when the per cent is some 
larger specified number, the chance 
of accepting the work will be small 

say .10 

The choice of the two points on 
the operating characteristic curve 
is a matter of business judgment 
In exercising this judgment, how 
ever, it must be kept in mind that 
the lower the risks, the greater the 
amount of verification that will be 
required For some _ types of 
sampling plans, the exact amount 
of verification can not be prede 
However, the average 
required 


termined 
verification 
can be determined 


amount of 
per sample 
readily for each per cent defective 
ona given range. By plotting this 
relationship as a curve, the aver 
age amount of verification under 
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FIGURE 1—Operating Character- 
istic Curve for Sampling Plan | 


possible circumstances 
Figure 2, for ex- 


the worst 
can be found 
ample, shows the average amount 
of verification per sample for the 
particular plan used in construct- 
ing Figure | Under this plan, the 
average number of units required 
to be verified per sample never 
exceeds 1620, reaching this maxi- 
mum when the defective units are 
running about .55 per cent of the 
total work units performed 


FIGURE 2—Average Amount of 
Verification for Sampling Plan | 


The problem of designing a ver- 
ification sampling plan requires, 
initially, the specification of an 
acceptance level, a level of unac- 
ceptable work, and, at each level, 
a risk of making the wrong de- 
Once an ac- 
ceptance level has been specified, 
a practical way to proceed consists 
of selecting an operating charac- 
teristic such that the risk of not 
accepting work is only .01 (that 
is, the chance of accepting is .99) 
when the per cent defective is at 
the acceptance level, and such that 


cision at that level 


the risk of accepting the work is 
only .10 (that is, the chance of not 
accepting is .90) when the per cent 
defective is three times the accept- 
ance level. The average amount 
of verification associated with the 
plan should then be computed. If 


the result indicates that the cost will 
not be excessive, the plan may be 
placed on trial. If the trial results 
are not satisfactory, however, the 
sampling plan should be revised 
until a suitable compromise is 
reached between the two objectives 
of minimizing the risks and mini- 
mizing the average amount of ver- 
ification. The plan finally adopted 
will usually embody the choice of 
a middle ground between the plan 
that is most desirable from the 
protection point of view and the 
plan that is most desirable from 
the cost point of view. 


Illustrative Problem 


Perhaps the first application of 
a well designed sampling plan to 
the verification of clerical work 
was made by W. E. Deming sev- 
eral years ago in connection with 
the punching of tabulating ma- 
chine cards in the Bureau of the 
Census. A similar application may 
be used to illustrate the problem of 
designing one of these plans. 

In this application the work that 
is verified is the punching of Social 
Security numbers on tabulating 
machine cards for several thousand 
employees every month. The 
punching is subsequently verified 
100 per cent by a machine match- 
ing procedure, but this verification 
is conveniently done some time 
later, after other information has 
been punched on the cards. Too 
many errors in the original work 
involves considerable expense in 
making corrections, and creates 
difficulties in summarizing tax 
data promptly. 

The work unit in this case is the 
punching of a number on one of 
the cards. A defect, or error, is 
the incorrect punching of one or 
more digits in the number. 

After a review of past perform- 
ance on this work, the acceptance 
level was set at .3 per cent for the 
trial installation. When the per- 
centage of errors averages between 
0 and .3 per cent the work is con- 
sidered to be good. When it aver- 
ages between .3 to .9 per cent, the 
work is considered to be only fair. 
Anything beyond .9 per cent is 
poor. A sampling plan was de- 
sired such that when the average 
proportion defective is exactly .3 
per cent, the chance of accepting 
the work will be about .99, but 
will be only .10 when the average 
proportion defective is .9 per cent. 
In other words, the chosen risks 
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were those corresponding to the 
points (.3%, .99) and (.9%, .10) on 
the operating characteristic 
curve. 


Group Sequential Sampling 

For the selected pair of points on 
the operating characteristic curve, 
there are several sampling plans 
that could be chosen. The type of 
plan known as “sequential samp- 
ling” results in the minimum, or 
very nearly the minimum, average 
amount of verification necessary to 
reach a decision as to whether or 
not the quality of the work is ac- 
ceptable. This type, however, re- 
quires that counts be kept of the 
cumulative number of units veri- 
fied and the cumulative number of 
defective units, and that reference 
be made to a chart or table after 
each unit of work is verified. These 
requirements make the plan ex- 
pensive to use in connection with 
most types of clerical work. The 
type of plan discussed in this ar- 
ticle is a modification designated 
as “group sequential sampling.” 
When the selected pair of points on 
the operating characteristic curve 
has been specified, the design of a 
group sequential plan is simply a 
matter of applying the formulas 
given later on in Part Ill. 


Tabie Il illustrates the group se- 
quential plan designed for verify- 
ing the punch card operation. In 
using this plan 200 units of work 
are selected and verified. If as 
many as 5 defects (incorrect work 
units) are found in this group of 
200, the work is classified as unac- 
ceptable and verification ceases. 
lf the number of defects in this 
group is 0, 1, 2, 3, or 4, however, 
another group of 200 units is se- 
lected and verification continues. 
If no errors are discovered in either 
the first or second groups—thot is, 
if the total number of defects when 
400 units have been verified is 0, 
the work is considered to be satis- 
factory and verification ceases. On 
the other hand, if the total number 
of defects becomes as large as 6 
on or before the complete verifi- 
cation of the second group of 200 
units, the work is classified as un- 
acceptable and verification ceases 
If the cumulative number of errors 
is 1, 2, 3, 4, or 5 when 400 units 
have been verified, a third group 
of 200 units is selected, and so on. 
Verification continues in this man- 
ner until one of the following two 
events occurs: 
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TABLE 


SAMPLING PLAN | 


Cumulative Accept if 


Number of 


Work Units is Equal to, or 
Verified Less Than - 
(N) (A) 
200 
400 0 
600 ] 
800 2 
1000 3 
1. The cumulative number of 


units verified and the cumu 
lative number of defects cor 
respond to the numbers ap 
pearing in columns (N) and 
(A) on the same line of the 
table. In that event, the work 
is acceptable and verification 
ceases. 


2. The cumulative number of de 
fects reaches a number shown 
in column (U) when the corres 
ponding number of units veri 
fied is equal to or less than 
the number shown in column 
(N). In that event, the work 
is unacceptable and verifica 
tion ceases 


In this connection, note that a de 
cision that work is unacceptable 
may be taken before completely 
verifying a selected group of 200 
units. For example, if the first 5 
units are defective, the work is im 
mediately labeled 
without verifying the 
195 units in the group 


unsatisfactory 
remaining 


the group sequential plans de 
signed as outlined in this article 
will all be such that the groups are 
of equal size, and such that the 
numbers in columns (A) and (U) in 
crease one ata time. These prop 
erties are important in facilitating 
the selection of the work to be ver 
ified and in keeping count of the 
cumulative number of work units 
verified and the cumulative num 
ber of defects. If the sampling plan 
is set up in groups of 200 work 
units, for individual 
groups may be selected by weigh- 
ing, measuring, or similar 
device. Extreme 
count is not necessary; groups of 
the approximate size required can 
usually be selected by mere inspec 
tion, with an occasional check to 
prevent too large discrepancies 


example, 


some 


accuracy in the 


For convenience, the group size 


may be adjusted to some round 


No. of Defects 


Do not Accept if 
No. of Defects 
is Equal to, or 


Verify One 
More Group if 
No. of Defects 


is Equal to More Than 
(D) (U) 
0-4 5 
1-5 6 
2-6 7 
3-7 8 
4-8 9 


number, such as a multiple of 5, 
10, or 25, or it may be adjusted 
to the nearest multiple of the num 
ber equivalent to an ounce of tick 
ets, or one-half inch of cards, where 
scales or measuring sticks are used 
in determining group size In the 
tabulating card problem, the group 
size was rounded off from 183 to 
200 units, the final result being the 
plan here designated as Sampling 
Plan | and outlined in Table Il. This 
rounding off, however, reduces the 
chance of accepting the work be 
low what was originally specified, 
as can be seen by referring to Table 
|; that is, the chance of accepting 
work when the per cent defective 
is .3 turns out to be about .98 in- 
stead of .99, and the chance of ac 
cepting work when the per cent 
defective is .9 turns out to be about 


07 instead of .10 


ll. ADMINISTERING A SAMPLING 
PLAN 


Selecting the Sample 

The successful operation of a 
sampling plan depends upon both 
good design and wise administra 
tion Moreover, a plan cannot be 
well designed without 
how it is to be administered, nor 
wisely administered without know 


knowing 


ing how it was designed 

Wherever 
s ample should be selected entirely 
from the work of one clerk. If the 
same clerks perform a number of 
different kinds of work, each kind 
should be verified separately, us 
ing the sampling plan appropriate 


practicable, each 


for that type of work lt should 
be kept in mind that the purpose 
of verifying a sample of the work 
is not primarily to determine the 
number of errors for that particu 
lar sample, but rather to arrive at 
a decision as to whether or not, 
hour after hour and day after day, 
a particular clerk is making too 


many errors 





Ordinarily a consecutively per 
formed segment of work will pro 
vide a representative sample. How 
ever, individual units can be se- 
lected in random fashion from all 
parts of the work, if there is any 
reason for suspecting stratification 
In any case, the clerk performing 
the work should not be in a posi 
tion to know in advance which 
work will be verified and which 


will not 


Recording and Analyzing the Errors 

The sample work units should 
be examined for accuracy by some- 
one who possesses a thorough 
knowledge of how the work should 
be performed, who is careful and 
conscientious in verifying the work, 
and who will unbiased 
judgment Each error should be 
recorded in such a manner that it 
can be easily located afterward in 
case it becomes desirable to dis 
cuss the accuracy of the work with 
the one who performs it. A nota 
tion should be made as to the na 
ture of the error as an aid in an 
alyzing the cause. The results of 
the sample verification should be 
reviewed promptly, and, so far as 
possible, any errors recorded 
should be classified as “systematic” 
or “accidental.” <A systematic er- 
ror is one that results from a lack 
of understanding as to how the 
work should be performed. Acci 
dental errors are those resulting 
from inattention, fatigue, and like 
causes. The classification of doubt 
ful cases requires judgment and ex- 


exercise 


per ence 


Remedial Action 

When systematic errors are de- 
tected in verifying a work sample, 
or when the total number of errors 
is so large that the work is classi 
fied as unacceptable, remedial ac- 
tion should be taken promptly in 
order to prevent the continued oc- 
currence of avoidable errors. The 
extent to which work already per- 
formed should be verified under 
these circumstances is a matter of 
business judgment, and depends 
upon the seriousness of not find- 
ing the errors. The objective is the 
establishment of the habit of ac- 
curacy as quickly as possible. 

Systematic errors are likely to 
be due to faulty instruction. They 
occur most frequently when a per- 
son has difficulty in understanding 
or performing the work due to im- 
pairment of sight or hearing, ner- 
vousness, or mental sluggishness 
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In some of these cases it may be 
advisable to change the work as- 
signment, or to recommend that a 
physician be consulted. In most 
cases the nature of the errors 
should be explained to the person 
making them, and care taken that 
the explanation is clearly yvnder- 
stood. Also, if the previous instruc- 
tion was fairly recent, the instruc- 
tor should be apprised of the sit- 
vation with a view to eliminating 
future misunderstandings 


Accidental errors may be occa- 
siored by poorly designed work 
papers, poor lighting or ventila- 
tion, noisy or defective office 
equipment, improper seating, bad 
posture, impaired eyesight, illness, 
improper eating habits, under- 
nourishment, emotionc! strain, men- 
tal or physical fatigue, inexperi- 
ence or carelessness. Continual 
effort should be exerted to see that 
working conditions are conducive 
to accuracy. Errors due to careless- 
ness, or to conditions within the 
control of the person performing 
the work, should be brought to 
that person’s attention promptly if 
the number is sufficiently large to 
cause the work to be classified as 
unacceptable 


In no case should remedial ac- 
tion be taken if the errors are all 
of the accidental type and the 
number is small enough for the 
work to be accepted. Moreover, if 
the errors are due to some tempo- 
rary emotional upset, or to inexper- 
ience, it is sometimes better not to 
mention the errors to the person 
who made them, even if the work 
must later be verified one hundred 
per cent 


Verification Intervals 

After remedial action 
subsequent verification 
same sampling plan should be 
made from time to time. A sug- 
gested schedule is shown in Table 
Wl 


is taken, 
with the 


TABLE Ill 
VERIFICATION INTERVALS 
0 
2 hours 
1 day 
1 week 
1 month 
The first entry in the table 
means that the first work per- 
formed after remedial action is 


taken should be verified at once, 
using the regular sampling plan. 





If the work is accepted, a second 
verification should be made about 
two hours later. If the work is again 
accepted, a third verification should 
be made about one day after the 
second verification; a fourth veri- 
fication about one week after the 
third verification; and a fifth ver- 
ification after about one month has 
elapsed. Thereafter, the work 
should be verified at intervals of 
about a month. If remedial action 
is necessary at any time, however, 
the sequence of intervals should 
begin all over again. For example, 
if the third verification indicates 
that there are too many errors or 
errors of a systematic type and 
remedial action is taken at that 
point, further verification should be 
made of the first work subsequent- 
ly performed, and again after two 
hours, one day, one week, and one 
month. 


The same schedule might be 
used for new clerical workers, or 
workers new at the particular job, 
the first verification to be made of 
the first work performed after in- 
struction has been given and the 
work is done independently. Judg- 
ment should be exercised, how- 
ever, in deciding whether to take 
action in connection with the first 
work of a new employee, or the 
first work after previous remedial 
action. 


Effect of a Short Verification 
Interval 

Sampling a particular lot of 
work units twice has the effect of 
changing the risks. To illustrate, 
Table | shows that if .6 per cent 
of the work units are defective, the 
chances that this work will be ac- 
cepted are about 41 in 100 for 
that particular sampling plan. If 
two samples of the work are tak- 
en, however, the chances are 
about 17 in 100 that the work will 
be accepted both times. In gen- 
eral, taking two samples of the 
same work, squares, and there- 
fore reduces, the chances of ac- 
ceptance, as shown in Table IV. 


Similarly, if three samples of 
the same work are taken, the 
chances of accepting the work all 
three times are found by cubing 
the chances of accepting on the 
basis of but one sample. If the 
chances of accepting with one 
sample are 41 in 100 when .6 per 
cent of the work units are defec- 
tive, the chances of accepting with 
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TABLE IV 
RISKS FOR TWO SAMPLES OF THE WORK, PLAN | 


Per 1 Sample 
cent Chance of 
of work accepting 
defective the work 


98 
89 
67 
41 
23 
12 
.07 
04 


SCWOMNAWAW 


every one of three samples of the 
work are only about 7 in 100. In 
practice, this means that if the in- 
terval between verifications is 
short, the risk of accepting inaccur- 
ate work can be increased some- 
what. Such work may have a good 
chance of passing the test once, or 
even twice; but soon a sample will 
be found that indicates the need 
for remedial action 


Records of Remedial Action 

A running record should be 
maintained for each clerk whose 
work is verified, showing the 
dates, the conclusion, and the re- 
medial action taken. A suggested 


form of record is a 3” x 5” card, 
illustrated in Figure 3 
Commendation 
People should be commended 


for accurate work when the evi- 
dence is sufficient to warrant the 
inference that the work is actually 
accurate However, some care is 
advisable in drawing such infer- 
Suppose, for example, 
considered to be 


ences. 
that work is 


Name of Clerk 


Date of Verification 


Accepted 


Not Accepted 


Remedial Action 


Nature of Action 


2 Samples 

Chance of Chance of not 
accepting accepting at 
both times least once 

96 .04 

79 21 

.45 55 

af .83 

.05 95 

01 99 

.00 1.00 

.00 1.00 


good, fair, or poor with respect 
to accuracy according to whether 
the percentage of defective units 
averages from 0 to .3, .3 to .9, or 
9 to 1.0, respectively. Suppose 
that Sampling Plan |, illustrated in 
Table Il, is used in the verification 
of this work. Then if a single 
sample verification results in a de- 
cision to accept we may infer that 
the work is not poor, since Table | 
shows that the risk of accepting 
poor work is .07 or less. But an 
inference that the work is good is 
not warranted on this evidence 
alone, since the risk of accepting 
work that is only fair may be as 
large as .98. 


lf the sample verification results 
in the detection of no errors, how- 
ever, the evidence of good work is 
much better, since the chance of 
selecting 400 work units without 
a defect is about .3 when the per- 
centage defective is .3 If two 
successive samples contain no er 
rors, the evidence is still better, 
since the chance of selecting 800 
work units without an error is only 


Jane Doe 


7 12 7 13 7 20 


7 20 Posture corrected 


FIGURE 3—Record of Remedial Action 
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09 when the 


It would therefore 


about percentage 
defective is .3 
be sensible to commend the work 
every time two successive sam 
ples are found with no errors in 


either sample 


Cooperation 

The people who do the original 
work, as well as those who verify 
it, should have a clear understand 
ing of the purpose of the verifica 
tion and how the results can be 
used to attain greater 
The sampling plan that is used, 
the manner of arriving at deci 
risks 


accuracy 


sions, and the involved 
should be explained in a general 
The project should be pre 


helpful 


way. 
sented as a tool that is 
both to management and to the 
clerical force in doing a better job 
Accuracy is the joint responsibility 
of the people who do the work 
and the people who supervise it 
Teamwork is essential to achieve 
the best results 


Ill. FORMULAS 
Group Sequential Sampling Tables 


Anyone who knows how to use 
a table of common logarithms (to 
the base 10) can make the neces 
sary computations for designing a 
group sequential sampling plan, 
construct the operating character 
istic curve, and find the average 
amount of verification per sample 
The problem of setting up a samp 
ling table will first be discussed 

Suppose the risks 
chosen as outlined in Part | Let 
(p;, 1--a) and (p~,j) be the two 
chosen points on the operating 
characteristic curve; that is, sup 
pose that a sampling plan is to be 
designed such that when the pro 
portion defective is p,, the risk of 
not accepting the work is «, and 
such that when the proportion de 
the risk of accepting 


(It is assumed that 


have been 


fective is py, 
the work is |). 
p is larger than p and that u 


The n 


and |) are each less than 


it is first necessary to compute 
gi log pz p 
g log (l—p;) (l—p 
a log (1 ) ; 
b log (1 «)/{i, 
h b/(g g.), to the nearest 
whole number, 
h a (g g.), to the nearest 
whole number, 
N (g g Gg», to the nearest 
round number, 
s 1 N 
9 





(By a “round number” is meant a N, (9g: +2) /ge —.4933, .0162 off a suitable scale of p values on 
convenient number, such as a mul- 30, to the nearest round number, a horizontal axis and a suitable 
tiple of 5, 10, or 100, or the num- s-=1/N, —1/30—.0333. scale of L, values on a vertical axis. 


ber corresponding to an ounce in 
weight or an inch in thickness. Too 


Following the rules given above, 
leads to the numbers shown in 


Then the corresponding values of 
p and L, found from the above 


much rounding off may be un- Table V. formulas may be paired and 
desirable, however. See Section TABLE V plotted as points which, when con- 
on “Group Sequential Sampling” in SAMPLING PLAN II nected smoothly, yieid the operat- 
Part |.) (N) (A) (D) (U) ing characteristic curve. 

The next step is to design a table 30 0-4 5 The computations of p and L, 
with column headings as in Table 60 0 1-5 6 ere illustrated in Table VI. Ob- 
ll, and enter the value of N,; on the 90 1 2-6 7 servation of the values of p and 
first line in column (N). The num- 120 2 3-7 8 L, corresponding to t—.5 and 


bers obtained by multiplying N, 
by 2, 3, 4, etc. are entered on the 
succeeding lines, as illustrated. 

In Column (A) enter 0 on the 
line that corresponds to h,; for ex- 
ample, if h, 1, enter O on the 
first line. If h, 2, enter O on the 
second line, as in Table Il. On each 
successive line write the number 
obtained by adding | to the line 
above; for example, if 0 appears 
on the second line, write 1 on the 
third line, 2 on the fourth line, etc. 

In column (U), write the number 
equal to h. +1 on the first line. 
For example, if h,.--4, enter 5 on 
the first line in column (U), as in 
Table Il. For each succeeding line 
add one to the number on the line 
above. 

In column (D) write all the whole 
numbers that are larger than the 
number in column (A) but smaller 


Operating Characteristic Curve 

To construct the operating char- 
acteristic curve, compute various 
values of p, the fraction defective, 
from the formula 

p= (10'*— 1)/(10*—1), 

where the values of t are chosen 
so that the resulting values of p 
are those within the range of great- 
est interest. Also compute the 
chance of accepting the work for 
each of these values of p by using 
the same values of t to find 


L, — (10"*—1) /(10"—107".), 


where L, is the chance of accepting 
the work. (The numbers 10°, 10' 
10's, and 10°" are obtained 
by finding the antilogarithms of ts, 
t, the, and -th,, respectively.) Lay 


t .5, shows that the operating 
characteristic curve closely ap- 
proaches the points (.018, .99) and 
(.054, .10) that were originally 
specified. 


Average Amount of Verification 


The average amount of verifica- 
tion required by a group sequen- 
tial plan is given by 
p [L (hy + he) he | (s P) 
provided the verification ceases as 
soon as it is possible to reach a de- 
cision. Suppose, for example, that 
in using Table V a sample of 30 
units is taken, and that the first 5 
units are defective, so that only 
these 5 units are verified before 
reaching a decision that the work 
is unacceptable. In this case the 
sample size is 30, although the 


n 





than the number in column (VU). If TABLE VI 


there is no number in column (A), 
the smallest number to be entered 
in column (D) is 0O. 


COMPUTATION OF p AND L, FOR SAMPLING PLAN II 





To illustrate, suppose a group 
sequential plan is to be so designed g 10°" 10° th. -th, 
te) 
that when the number of defects - os " 
is 18 per 1000, the chance of not 
accepting the work is only 1 in 





. 1.0 1.07978 10.00000 20069 10,000.00 01 .9999 
100; and so that the chance of ac 9 1.07152 7.94328 .0103 3,961.07 .02 9998 
cepting the work is 1 in 10 when 8 1.06333 6.30957 .0119 1,584.89 03 .9994 
the number of defects per 1000 is 7 1.05520 5.01187 -0138 630.957 04 9965 
3 x 18, or 54. The specifications 6 1.04713 3.96107 0156 251.169 .063 29963 
may be written 5 1.03912 3.16228 0162 100.000 100 29910 

1.8% —-.018 +4 1.03118 2.51189 0206 39.6107 1585 9788 

Pi : ’ i 1.02329. 1.99526 0234 15,8489 22512 29520 

Po = 5.4% = .054, 2 1.01547 1.58489 0264 6.30957 -3981l .6982 
a-=.01; B<.10. al 1.00770 1.25893 0297 2.51189 263096 §=«-_ 8088 
Compute ¢ 2.00000 1.00000 .0333* 1.00000 1.00000 .6667* 
me ‘ 279433 .0372 239611 1.56489 5072 

9: a (pz)/ (pi) “Me 3 = = 2 98477 63096 0413 15849 2.51189 .3576 
gz~-log (1—p,), (1— pz) log sa .97724 .50119 0456 .06310 3.98107 .2391 
a--log (1—{)/a—log .90/.01 = 8 96235 31623 .0551 201000 10.00000 ,.0991 
1.9542. = 6 98009 25119 .0601 200398 15.6489 .0629 

i ) at 2? . 47 9 «19953 20653 -00158 25.1189 0398 
blog (1—a)/f—log .99/.10 of 94044 215849 .0708 .00063 39.8107 .0251 
9956, © 9 93325 12589 20764 .00025 63.0957 0156 

hy = b /(g) + ge)  .9956 .4933 -1.0 -92612 + 10000 20621 -00010 100.0000 20100 


to the nearest whole number, ; 
hy a (gi + G2) 1.9542 .4933 
4, to the nearest whole number, 





*For t = 0, p= s and L, - bp/(hy +h). 
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number of units verified is only 5. 
It is clear that for a large number 
of samples the average number of 
units verified will tend to be less 
than the average number of units 


selected. The value of n, ob- 
tained from the formulo given 
above is the average amount of 
verification for a very large num- 
ber of samples, and not the aver- 
age number of units selected. 
Table VII illustrates the compu- 
tation of n, for Sampling Plan Il. 
As indicated in the table, the values 
of L, and p are taken for each 
value of t used in constructing 
Table VI to find the corresponding 


value of n,. The values of p and 


n, may then be paired and plotted 
as points on a curve similar to that 
shown in Figure 2. 
References 

The formulas for constructing a 
group sequential plan and finding 
values of p, L,,, and n,, are derived 
from those given by A. Wald in 
“Sequential Method of Sampling 
for Deciding between Two Courses 
of Action,” Journal of the Amer- 
ican Statistical Association, Vol. 40 
(1945), pp. 277-306. See also 
Sequential Analysis of Statistical 
Data: Applications, Columbia Uni- 
versity Press, 1945. 

In this connection, observe that 
four quantities (p;, ps, a, and f) 


TABLE VII 


COMPUTATION OF Rp FOR SAMPLING PLAN II 








t r L. L(hy*h)-h, 8=p 5, 
1.0 0089 «9999 1.9994 0244 82 
9 20103 - 9998 1.9988 20230 87 
8 0119 9994 1.9964 0214 93 
2? 0138 29985 1.9910 20195 102 
26 0158 29963 1.9778 0175 113 
25 -0161 +9910 1.9460 20152 128 
4 20206 9788 1.6728 0127 147 
ae) 20234 29520 1.7120 0099 173 
22 0264 8982 1.3892 0069 201 
el 0297 8038 8228 0036 229 
0 0335 6667 «0000 0000 248* 
@ el 20372 5072 ad 9568 - 0039 245 
- 2 20415 23576 -1.8544 -.0080 232 
i) 20456 22391 2.5654 -.0123 209 
- 4 «0502 1551 -3.0694 -.0169 162 
- 5 -0551 20991 -3.4054 -.0218 156 
- 6 0601 20629 -3.6226 - 0268 135 
- 7 06535 0396 -3,7612 ~-.0320 118 
- 8 0708 0251 -3,.6494 <,0375 103 
= 9 20764 0158 -3.9052 -.0431 91 
-1.0 0821 +0100 -3.9400 -,0488 81 





*For t «= 0, BS 7 h)hp/(s-8*). 


are used to compute only three 
parameters (h;, hs, and s) of the 
desired sampling plan. This means 
that there are infinitely many pairs 
of p; and p» that result in the same 
sampling plan, and that it is pos- 
sible to choose any pair at will for 
the purpose of computing the op- 


erating characteristic curve and the 
average amount of verification. In 
particular, values of p; and p, may 
be chosen that correspond to 
g, } ge 1. As a consequence, gp», 
a, and b may be replaced by s, 
h., and h,, respectively, in com 


puting p, L,, and n,,. 
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In measuring certain electrical 
characteristics of electronic tubes, 
it is essential to have a simple, ef- 
ficient method of calibrating the 
test-sets which are in continuous 
use by production inspectors on 
the factory floor. There is no 
fundamental standard which can 
be carried from one test-set to an- 
other, and the usual procedure in 
the tube industry has been to at- 
tempt a comparison between in- 
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dividual test-sets and a standard 
bridge which is located in a sepa- 
rate Measurements Laboratory by 
the intermediate use of “standard” 
tubes. The bridge itself is cali- 
brated by a laborious method 
which requires a great deal of 
time, and the technique is not a 
practical one for the different test- 
sets located in the factory. 

The comparison procedure pre- 
viously in effect to calibrate a test- 


set which measures transconduct- 
ance (G,, or S,,) had been to select 
five “standard” tubes which had 
been “aged” to assure reasonable 
stability and whose readings were 
within the specification limits of 
the particular tube-type These 
five standard tubes were read on 
the bridge and the readings were 
recorded on form-sheets, one for 
each test-set. The tubes were then 
taken to each of the floor test-sets 
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where the tubes were read again 
and the readings recorded on its 
form-sheet. From a series of these 
form-sheets, the responsible per 
sons attempted to see some pat 
tern which would permit satisfac- 
tory adjustment and maintenance 

This “form- 
general one 
frequently by engineering, 
management to 


of the test equipment 
sheet method” is a 
used 
production, and 


maintain” control of a process 


Some three years ago there was 
a general and serious lack of con 
fidence in the reliability of the fac 
test-sets which were being 
National 
Large 


quantities of tubes were involved 


tory G 
used in one plant of 
Union Radio Corporation 
and the situation was serious. In 
could give a 
stamp of non-con 
forming tubes from the daily pro- 


accurate test sets 


approval to 


duction and could reject tubes con 
But an 
even more serious situation result 
ed which affected the effort ex 


forming to specifications 


pended to improve the quality of 
Those 


responsible for the ac- 


tubes during manufacture. 
persons 
curacy of the test-sets insisted that 
the test-sets were not seriously in 
error, but that the tubes were of 
funda 
the vari 


poor quality and were 
mentally to blame for 
ations in readings which were be 
ing experienced. So long as a lack 
of confidence could be charged to 
the reliability of test-equipment, 
the design engineers and produc 
tion men could claim that there 
was no reason for effort on their 
part to improve the quality of the 
With tested 


worth thousands of dollars daily, 


tubes tubes to be 
it was urgent that immediate ac 
tion be taken to determine the sit 
vation and to devise a more effi 
cient criterion for calibration con 
trol than a glance at each new 
form-sheet as it came along 

generally agreed that 
great deal of 
reliability of a 


lt was 
there might be a 
variation in the 
test-set over a period of a few 
days and that voltage conditions 
could gradually produce increas 
ing errors in a set. Furthermore, 
changes in temperature and hu- 
midity were expected to produce 


fluctuations A quality control 


chart using the average X and the 
range R in some way was thus in- 
dicated as being desiruble, and 
the original comparison technique 
between the bridge and the test 
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sets with five standard tubes was 
modified to permit the use of these 
charts. There was a combination 
of reasons for continuing to select 
five different standard tubes rather 
than making five different read- 
ings on one tube. 


(1) It was more than theoretical 
ly possible that a test-set might be 
adequately calibrated at one posi- 
tion on the scale and be signifi- 
cantly in error elsewhere within 
the specifications. In other appli- 
cations of this indirect calibration 
method, and in a refinement of 
this one, it may be sufficiently im- 
portant to select standard units 
which measure near each specifi- 


cation limit and additional ones 
spaced over the spread of the 
specifications. Additional refine- 


ments of the technique could in- 
clude an analysis of the measuring 
instrument variation by separate 
control charts at each of several 
different magnitudes of the mea- 
surement 


(2) lt was known that internal 





produce appreciable variations in 


G,, readings at some unpredic- 
table time in the future, and that 
valuable time would then be lost 
in ascribing the change to the tube 
or to the test equipment. 


lt is important to realize that 
there was general and justified 
confidence in the reliability of the 
bridge; in fact, there were data to 
indicate that the bridge would not 
vary by more than a fraction of a 
per cent from day to day. 

In the modified procedure, each 
of five standard tubes was read 
on the bridge and then on each 
floor test-set and the readings 
were recorded on a modification 
of the original form-sheet. The 
difference between the set reading 
and the bridge reading for each 
tube was then determined, and 
the average X and the range R of 
these five differences were com- 
puted. Plus and minus signs were 
used to indicate whether the set 
read higher than the 
bridge, respectively, as in the fol- 


or lower 


variations within a tube would lowing example: 
TABLE 1 
Standard Reading on Reading on 
Tube No Bridge Test Set +1 Difference 
1 1820 1960 140 
2 2590 2660 70 
3 2370 2360 10 
4 2030 1930 100 
5 1760 1840 80 
x 34, 
rR 240 


A variables control chart of these 
differences was then constructed 
and maintained experimentally at 
one test-set; readings of the stand- 
ard tubes were taken every two 
hours. Within a few days we had 
control charts of the same type oat 
the other test-sets on the floor. An 
example of one of the control 
charts is shown in Figure 1. After 
a short experience, several things 
became apparent. Certain test-sets 
were unreliable and it was impos- 
sible to obtain satisfactory per- 
formance from them without a 
major overhauling, while a much 
improved performance of others 
could be obtained fairly easily by 
making relatively minor systemat- 
ic adjustments with the control 
charts as guides. It was learned 
that remedial attention could be 
given to a test-set in advance of 


serious trouble, and the trends 
which had been predicted occurred 
rather frequently. 

One of the first interests was to 
compare the performance of the 
test-sets obtained in conjunction 
with the control charts with the 
earlier performance which had oc- 
casioned so much dissension. Data 
from previous months were avail- 
able and they were analyzed by 
the same control chart technique 
over a two-week period in June 
(which was prior to the control 
chart technique). The data given 
below compare the performance 
of six test-sets over the June per- 
iod with a two-week period in 
August (a few days after the start 
of the control charts), and a two- 


week period in November after 
additional experience had been 
gained. 
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TABLE 2 
June 1-15 Aug. 15-30 Nov. 1-15 

Set No. X ~ x . X R 

1 63 181 6 72 17 74 

3 86 164 1 68 1 68 

5 62 216 12 61 13 61 

6 47 202 9 74 7 75 

7 136 138 16 86 17 140 

8 92 186 2 81 3 92 
The immediate improvement ef- tained subsequently; the variation 


fected in August is apparent both 


by the improved level of X and 
the reduced variability of the sets 
as represented by R. It was soon 
discovered that Set No. 7 was in 
need of a major overhauling. No 
absolute criteria had been estab- 


lished as to allowable limits of 
variation of the test-sets with re- 
spect to the bridge, but it was 


agreed in advance of the exper- 
iment that it would be satisfactory 
anda decided improvement to 
maintain the average of five tubes 
within 5% of the bridge readings. 
It was found during the first weeks 
of the experiment that the average 
of five tubes could be held within 
4% of the bridge for most sets, and 
even closer agreements were ob- 


AUG. 
23 24 25 26 28 


+100 


300 


JANUARY, 1947 


29 


, 


had been in excess of 10% during 
the first two weeks in June. In 
general, three sigma control chart 
limits were selected which repre- 
sented the best performance of 
each test-set and were projected 
in advance on the charts for both 


X and R. Appropriate action was 
indicated if a point exceeded these 
limits or if a significant trend de- 
veloped. 

Since the bridge was the ac- 
cepted standard, the desired level 


of the average difference is X—0. 
It was a surprise to learn that the 
earlier calibration procedure had 
failed to maintain adequately the 
average of the test-sets with re- 
spect to the bridge and this condi- 
tion was relatively easy to remedy. 
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It was even more surprising to find 
such large values of the range. It 
was possible to explain this wide 
range by any of the following three 
assumptions which revert, essen- 
tially, to the original “tube versus 
test-set” controversy: 


(1) The five standard-tubes were 
stable; the variations in readings 
arose from the inability of a test- 
set to duplicate its own readings 
This assumption certainly had some 
merit as evidenced by the data of 
Table 2. In particular, the value 


of R for Set No. 7 in November 
was significantly larger than for 


other sets; this difference contin 
ved in subsequent performance, 
thus refuting earlier data which 


failed to indicate any lower qua! 
ity performance of Set No. 7. The 
causes which produced trends in 
the X chart (see Figure 1) or an up 
ward trend in the R chart of one 
te.t-set only were obviously 
signable to the particular test-set 


as 


(2) The test-sets were reliable; 
the variations in readings resulted 
from unpredictable internal vari 
ations within the standard tubes 
This assumption had merit also, 
and the most obvious variations 
resulted in the replacement of one 
of the five standard tubes by a 
new one from a reserve pool of 
standard tubes kept for that pur 
pose. A need for replacement was 
most often evidenced by an up 
ward trend of several different R 


charts. Such a trend could not be 
attributed necessarily to the stand 
ard tubes, (an alternative might 
possibly be general weather con 
ditions) but analysis of recent 
bridge readings from the form 


sheets on individual tubes showed 
clearly whether or not one partic 
ular tube was the assignable cause 


(3) A combination of 
tions (1) and (2). The previous dis 
cussion indicates the 
this joint responsibility It 
most convenient to have data from 


assump 


existence of 


Was 


several test-sets in order to com 
pare their behavior lf data had 
not been available from at least 


three different test-sets, additional 
regular sets of readings from the 
bridge (on the standard 
tubes) would have been more than 


same 


satisfactory and such readings 
would have been desirable in this 
application; they 


impossible to obtain since the ex 


were essentially 
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isting demands on the bridge were 
already excessive 

After the merits of this control 
chart technique had been demon- 
strated in one plant, it was decided 
to verify it in another of our 
plants where the test-sets were be- 
lieved to be extremely reliable 
The engineer in charge of test-sets 
started his control charts from data 
already in his possession and which 
had been used in his regular cali- 
bration. It developed that the 
control charts showed wide fluc 
tuations which represented unsus- 
pected variations in the test equip- 
ment and that the general confi- 
dence in the test-set performance 
had not been warranted. Control 
charts were then posted at each 
of his test-sets; in subsequent op- 
eration he was able to predict and 
prevent serious difficulties as 
trends developed on the charts and 
was able to improve materially 
the performance of the sets 


The advantages of control charts 
using differences in any other sim 
ilar indirect calibration program 
over an attempt to control perform 
ance of the measuring device by 
scanning a series of form-sheets 
are essentially the same as the ad- 
vantages of any control chart over 
a series of figures. Other attempts 


in the tube industry to improve 
upon the form-sheet scanning pro- 
cedure had included the mainte- 
nance of graphs either for individ- 
val tube-readings from each test- 
set and the bridge or for the aver- 
age of the five tube-readings. But 
such procedures are more work 
than control charts with differences 
and are much less effective. The 
difference control chart is applic- 
able to a wide variety of calibra- 
tion techniques now in operation 
in many different industries which 
use a sample of the manufacturer's 
product as an intermediary be- 
tween inspection test instruments 
and the more fundamental and re- 
liable instruments, where the two 
sets cannot be compared directly. 


Note: This application of control 
charts with differences is funda- 
mentally similar to the very inter- 
esting example discussed by Lieu- 
tenant-Colonel Frank E. Grubbs”. 
However, Lieutenant - Colonel 
Grubbs was concerned primarily 
with a judgment of the product 
which was being offered for ac- 
ceptance, it not being mandatory 
to establish absolute calibration 
corrections for his measuring de- 
* Lieutenant-Colonel Frank E. Grubbs, “The 
Difference Control Chart with an Example 


of its Use,” Industrial Quality Control V. 3 
July 1946, pp-22-25 





His comparisons were made 
between samples from a standard 
uniform product and samples from 
a product which was being offered 
Our control charts 
were designed to control the re- 


vices. 


for acceptance. 


liability of our test-sets and the 
technique offered no judgment 
directly with respect to the quality 
of the product itself; the technique 
performs the important function of 
establishing reliability of measure- 
ment so that improved judgment 
can be made on the quality of the 
product. 

Since the variations in the bridge 
were small, the initial technique 
was justified in neglecting the 
bridge variations; we computed 30 
limits on our X and R charts by the 
standard methods described in 
American War Standards Bulletin, 
Z1.3, p. 39. In a refinement of 
this technique in other applications 
it may be desirable to obtain more 
accurate estimates, 6; and o, of the 
fundamental standard and the in- 
spection test-sets, and determine 
30 limits for the difference control 
charts for each test-set from the 
9) Tat {a;+ oO, 
This latter technique is the one used 
by Lieutenant-Colonel Grubbs. 


relation 


Control Charts versus 
the Analysis of Variance 
in Process Control by Variables 


lt has occurred rather frequently 
that statisticians on being intro- 
duced to the Shewhart control chart 
have reacted with the statement 
that an applicction of the analysis 
of variance would serve the same 
purpose and more effectively. To 
many of the members of the Amer- 
ican Society for Quality Control 
who have had a recent introduc- 
tion to statistical methods by way 
of the Shewhart control chart such 
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a statement is likely to be disturb- 
ing. In manufacturing procedures 
generally they have been accust- 
omed to using the more rather than 
the less efficient tools. Is it pos- 
sible that the teachers who trained 
them to use the control chart really 
had something better for the job 
up their sleeves? A discussion of 
the relative merits of these two 
methods with a minimum of tech- 
to be needed. 


nicalities seems 


Further, such a discussion must try 
to make the essential nature of 
both methods clear and ought to 
throw a great deal of light on 
them. 

We will proceed by applying 
both methods to a very familiar 
and simple example; the one 
found on pages 12 and 13 of the 
American Standard Association 
Manual, “Guide for Quality Con- 
trol and Control Chart Method of 
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Analyzing Data,” (Z1.1 and 2). The 
control charts, for X and R and for 


X and o are presented there in de- 
tail and we have only to point out 
what the analysis they provide 
really means. In the first place, the 
R’s or the o’s furnish a measure of 
the variation within samples. Since 
the samples of 4 are consecutive 
items produced within a relatively 
short time interval, it is assumed 
that this within sample variability is 
essential process variability pro- 
duced while the process is stable, 
“with a constant cause system.” 
But it is important to note that this 
assumption is checked by putting 
control limits on the R or o chart. 
If no individual R or o is outside its 
limit lines then the behavior is 
what one gets if observed within 
sample-variability is only due to 
inherent process fluctuation. Then 
one may use R or « to get an esti- 
mate of o’, the long run or true 
process variability. 


Next having on hand a valid es- 
timate of o’ one may use it to set 
limits on the variation X's may 
show if their fluctuation is also only 
due to inherent process variability. 
(The reader may recall that the 
tabular constants A; and A.» are 
respectively based on estimates of 
« obtained from «a and R). If 
the process is in statistical control, 
is stable, then the same constant 
cause system orly is operctive dur- 
ing the longer periods between 
samples. The variation one sees 
among X’s on the X-chart is be- 
tween sample variation. The limit 


lines on the X-chart are set from 
the within sample variction and 
the chart for averages with these 
control limits is essentially only a 
device for comparing the variation 
among samples with the variation 
within samples. If X’s fall outside 
their limit lines, then the first var- 
iation is too great compared to the 
second and we have evidence of 
the presence of assignable causes 
operating in the periods between 
samples. Anybody who under- 
stands control charts will know 
that more than this can frequently 
be read from a chart but we will 
return to this point later 


The reader familiar with the 
analysis of variance will know that 
its application to this example also 
provides a comparison between 


the among sample variation with 
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the within sample variation. Let 
us see how this is done in this case. 
First, it is assumed that the inher- 
ent process variability which is 
causing the observed fluctuation 
within samples is constant and the 
individua! R’s or o's are controlled. 
Then o’-, not o’, is estimated by 
first taking the total sum of squared 
deviations within samples about 
their respective means. Then this 
total, obtained by pooling these 
squared deviations from all sam- 
ples, is divided by a factor, known 
as the number of degrees of free- 
dom, to give an estimate of o’ 
which is on the average correct. 
Sample o*’s are on the average 
smaller than o; the number of 
degrees of freedom here is the 
sample size less 1; that is, n—I, mul- 
tiplied by the number of samples 
In our example, this factor is 10 x 3. 

Next if the process is in control 
from sample to sample, the vari- 
ation of the X's will only be that 
due to inherent process variability 
In that case we can get another 
estimate of o’- from the among 
sample variation. This is obtained 
by taking the sum of squared de- 
viations of the X’s about their av- 


erage, X, and dividing it by the 
appropriate number of degrees of 
freedom which is this time the 
number of samples less 1 (in our 
example, 9). 


Now if the process is in control 
from sample to sample, then our 
two estimates of «o’- should differ 
only because of sampling effects. 
But if the second estimate is too 
large in comparison with the first; 
that is, if the among sample vari- 
ation compared with the within 
sample fluctuation is too large, 
then again there is evidence of the 
presence of an assignable cause at 
work in the periods between sam- 
ples. To decide when to draw this 
conclusion, one takes the ratio F 
of the second estimate by the first 
and then from tables one can esti 
mate the chance that F should be 
as large as the computed value due 
simply to random sampling 
The arithmetic of the analysis is 
carried out as follows: 


(1) Square the individual measure 
ments and sum. 


8.4 7.1 aah cabndiniican 
isciunainaioks 8.8 2650.75 


(2) Square the Total X for each 
sample, sum, and divide by 4, 
the sample size 

32.6° 31.4 : ; 

Fata ees 33.0° 4 2626.40 

(3) Sum the 40 individual meas 
urements, square, and divide 

by 40. 

322.9- 40 2606.61 


The analysis is then summarized in 
tabular form: 


Source of Sum of Squared Degrees of Estimated 
Variation Deviations Freedom Variance 
Among samples ...... (2)—(3) 19.79 9 2.20 
Within samples .......... (1)—(2) == 24.35 30 0.812 
Total ...... - (1)—(3)-- 44.14 39 
We have this example, it is nevertheless true 


F .2.20 0.812 2.70 
Referring to tables for F, we find 
that the chance that F should be 
as large as 2.70 purely by sam- 
pling accident is between 0.01 
and 0.05. On the X chart there was 
one point outside the limit lines. A 
calculation of the chance that one 
or more points out of ten should 
be outside the limit lines by acci- 
dent gives 0.027 and the agree 
ment with the result from the 
analysis of variance is quite good 

Though the results by the two 
methods are in close agreement in 


that the two procedures are not 
exactly equivalent. The analysis 
of variance is a summary method 
based on the variation 
among sample means 
control chart for averages is based 


overall 


while the 


on the behavior of individual X’‘s 


It can happen that no one X will 
fall outside the limit lines and the 
analysis of voriance will disclose 
that too many of them are near the 
limit lines On the other hand a 
single point on the X chart might 
be well outside the control lines 


and yet because the remaining 
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points are relatively near the center 
line the total sum of squares among 
averages will not be large enough 
for the analysis of variance to in- 
dicate lack of control. But in ger- 
eral, the two methods are nearly 
enough equivalent that both will 
disclose any clear case of lack of 
control among averages and when 
one says control is good the other 
will too 


Enough has been said already to 
make it evident that for process 
control by variables, as in the ex- 
ample considered, the use of con- 
trol charts for R’s or o's and X's 
does possess some advantages over 
the use of analysis of variance. In 
particular, we have noted that the 
R or o chart provides a means of 
judging whether or not the within 
sample variation is controlled so 
that one has justification for pro- 
ceeding to estimate «o’ from the 
data. But in using the analysis 
of variance, one in effect assumes 
that this control exists and by this 
method this assumption is not 
checked. This is important but in 
addition we must also point out 
other merits of the control chart 
system 

First as compared to the analysis 
of variance, it is both more readily 
understood and used Second, 
and this is very important, the con- 
trol chart is a visual device. Even 
people who have little grasp of the 
underlying principles can read in 
most cases the story told by X and 
R-charts. Third, the control chart 
is better adapted for maintaining 
a running check on the perform- 
ance of a process which is, of 
course, almost essential to effect- 
ive process control. Fourth, be- 
cause we have limit lines drawn on 
the X chart, one identifies at once 
the out of control X’s. After an 
analysis of variance reveals too 
fluctuation among sample 
to examine 


much 
means, one still has 


further the individual X’s to try to 
determine at what point trouble 
made itself evident. Finally any 
experienced user of control charts 
reads from them a great deal more 
than that points are within limit 
lines or not. He gets information 
worth money to his shop that would 
be wholly or partly concealed in 
the purely tabular presentation of 
the results of an analysis of var- 
ance. 
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It may begin to appear that there 
is not much left that can be put on 
the credit side for the analysis of 
variance. But the latter has _its 
points, too. A paramount feature 
is the fact that the analysis of 
variance is designed to get the 
maximum of information from a 
limited amount of data. If ob- 
servations ore costly, difficult, or 
time-consuming, then it becomes a 
prime consideration to use the most 
efficient statistical tools. There are 
two chief aspects of the analysis 
of variance which make it super- 
ior in such cases. Granting, as in 
many situations it can be, that the 
within sample variation is con- 
trolled, then the method of dividing 
the total sum of squares of devia- 
tions about the mean within sam- 
ples by the number of degrees of 
freedom gives a better; that is, 
on the average closer, estimate 
of a’*, than the one obtained from 
R or 6. This is less important in 
process control because itis 
usually easy to get plenty of ob- 
servations. But of much more im- 
portance is the fact that our exam- 
ple has employed only the very 
simplest form of the analysis of 
variance. This was the proper 
form for data of that kind. We 
wished only to compare the var- 
iability due to a time effect with 
inherent process variability. 


But suppose we were concerned 
with a dimension on machined 
parts which are coming off of each 
of the four spindles of an automatic 
screw machine. If it were suspected 
that there were spindle differences 
then control chart procedure is to 
keep a chart on each spindle. But 
if it could be assumed that each 
spindle has approximately the 
same uniformity, then a single 
analysis of variance can tes? for 
assignable causes due only to: (1) 
differences among the centers to 
which each spindle is working, and 
(2) to variation among samples 
taken at different times. The sam- 
ples would consist of one or per- 
haps two pieces taken at the same 
time from each spindle and the 
method enables one to eliminate 
the time factor while studying the 
spindle effect and also to eliminate 
the spindle factor while looking for 
effects due to differences in time. 
The analysis of variance in this case 
would be a three component 


breakdown of the total variation in- 
stead of a two-component one. The 
agricultural experimentalist, to il- 
lustrate a more complicated use of 
the same general method, gets 
yields for different plant varieties 
under different fertilizer treatments 
grown in different kinds of soil. If 
the variability of yields for any 
constant set of these three factors 
can be assumed very nearly the 
same, then he can study the effect 
of any one of these factors or of any 
two of them in combination for 
constant values of the others with- 
out having to perform the almost 
impossible number of separate ex- 
periments required if each one or 
two factors were held experiment- 
ally constant. 


It may be gathered that the 
analysis can have important indus- 
trial application, especially in la- 
boratory work. But for the situ- 
ations in process control for which 
X and R or o charts have been ad- 
vocated by Shewhart and other 
competent authorities, these charts 
as tools for the job more than hold 
their own in comparison with the 
analysis of variance. 
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The article appearing in 
the November, 1946 issue of 
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QUALITY CONTROL 
IN THE CHEMICAL INDUSTRY* 


l: How Statistics Contributes to 
uality Control in the Chemical Industry 


The Industry Discovers 
Quality Control 


The chemical industry, like oth- 
er industries, upon returning to 
its pre-war commercial operations 
has found in its plants a new set 
of tools, the quality control tech- 
niques. Within the few months of 
readjustment, rapid strides have 
been made in adapting these tools 
to the industry's basic problem of 
controlling chemical reactions. 

Those who have been working 
with the methods are encouraged. 
Impartial observers are impressed 
by the progress being made and 
by potential economies in produc- 
tion and measurement. They 
think that the chemical and re- 
lated industries are the most fer- 
tile fields for the expansion of the 
use of quality control in the near 
future 
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Laboratory and production men 
who have observed the advan- 
tages of statistical quality control 
methods believe that, eventually, 
a knowledge of them will be as 
much a part of the chemist's fit 
ness for his job as his knowledge 
of operating procedures or of 
analytical methods 


Quality Control Fits In 
the Scheme of Things 


This industry does not have an 
inspection function in the sense 
that it is known in mechanical pro- 
cesses. Quality is “built in’, often 
in large homogeneous masses of 
material. After the ingredients 
have been proportioned and the 
controls set as carefully as possi- 
ble, there is often little opportunity 
for inspection until the final prod 
uct is pumped or dumped from 
the system. The control labora 
tory which analyzes the result is 
a far cry from the typical inspec 
tion department of a piece-part 
plant. 

This subtle, yet important, dif 
ference means that all along the 
line responsibility for quality is 
heavy. The laboratory, as well as 
the technical and operating staffs 
of the plant, must use every means 
at their disposal to discharge that 
responsibility. The powerful tools 
offered by statistics ease this task 

Quality control is a proper func 
tion of management and support 
of the program ina plant must be 
forthcoming However, at the 
level of action, the way of think 
ing about a process in terms of 
variability must be adopted. This 
approach, characteristic of quality 


control, is the way the laboratories 
can go beyond merely recording, 
after the fact, what the process 
did. It is the best way the operat 
ing men have of putting an end 
to reworking, blending, and grad 
ing down lot after lot 

The transfer of emphasis from 
weeding out defective material to 
making the material right in the 
first place is easy for the chemical 
industry. It is largely an accom 
plished fact because the industry 
There 


is, for the most part, a ready ac 


thinks in terms of control 


ceptance of a new control tool 
when it is understood The ac 
ceptance of quality control is 
based on the fact that it fits into 
the chemist’s scheme for control 
ling processes so as to produce the 
right result consistently 


Adapting Standard 
Techniques to the Industry 


We speak of adapting quality 
control to a process or industry 
Actually, most of the adaptations 
in use were already well known 
to the statisticians and have mere 
ly been taken over from applica 
tions for which they were criginal 
ly designed During the war 
years, certain standard formulae 
and procedures were widely pub 
licizec and popularized in the me 
chanical industries Active qual 
ity control programs, however, did 
not overlook the less generally dis 
cussed, but no less effective, adap 
tations of the basic techniques 

Some characteristic features of 
chemical processes slowed up de 
velopment of quality control ap 


plications until the statisticians 
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were able to acquaint the practi 
cal men in industry with the real 
flexibility of the methods 


Batch Processes 
Offer a Challenge 


The control chart is a basic tool 
and the approach to its use in 
operations will 


analyzing batch 


serve as an illustration of how 


chemical plants go about using 


quality control 


For example, in batch process 
es, characteristic of so much of the 
industry, it is difficult, if not im 
possible, to get a measure of 


within” variability. Consequent 
ly, the grouping of batches, often 
separated widely in time, may 
produce a measure of variability 
with entirely different operational 
meaning than the measure arising 
from normally taken sub-groups 
Thus, limits for this type of process 
tend to be relatively wide and the 
degree of control unusually good 
lt has been common practice, 
therefore, to use limits narrower 


than the standard 3-sigma limits 


The large time interval often in 
volved means waiting too long to 
averages for 


obtain sub-group 


plotting As a result, a great 
many of the charts in use are for 
individual batches In this way, 
action can be taken before causes 
of variation are obscured by the 
Sub-grouping is 
to ob 


passage of time 
resorted to, in most cases, 
tain the necessary measure of var 
iability and group 
averages are plotted as well as in- 
dividuals to give a clearer indica- 


sometimes 


tion of trends 


The choice of a rational sub 
group in such situations dictates 
the use of very small groups. Since 
the smallest possible grouping is 
by twos, that size is frequently 
used. The small amount of data 
usually avuilable from batch op- 
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erations has led to the use of mov- 
ing ranges of two, which is the 
most rapid means of accumulating 
enough sub-group ranges to give 
a reliable measure of variability 
This is in accordance with theory, 


since use of the moving range 
merely gives the most rational 
sub-group according to the ac- 


cepted definition of that term 


The Operational Meaning 
of “Control” Samples 


In many batch processes, “con- 
trol” samples are taken at inter- 
vals until an acceptable result is 
obtained. At that time the batch 
is considered to have reached its 
end point. The results of such a 
procedure, as would be expected, 
are almost always on-grade and 
usually exhibit good control. How- 
ever, it often happens that when 
the same batches are given a final 
test for classification, specifica- 
tions are exceeded and lack of 
contro! appears 


This demonstrates the fallacy of 
determining end points by succes- 
sive “control” samples. This prac- 
tice is prone to bias in sampling 
and also fails to take into account 
possible lack of precision in the 
test methods. A preferable meth- 
ed is to calculate feed, control 
conditions, and time cycle for the 
batch. Then the end point may 
be designated in terms of time, 
temperature, or liquid level. The 
control” samples may thus be 
eliminated and only the final 
classification sample plotted on a 
control chart to detect any failure 
to produce the expected result. 
This means reduced testing and 
saving in processing time through 
elimination of delay. When action 
based on the charts makes possi- 
ble a “state of control”, a more 
faithful representation of the true 
character of the process has been 
obtained 


The Importance of 
Precise Test Methods 


The control of continuous pro- 
cesses follows more closely the 
pattern in common use in mechan- 
ical operations. The greatest ex- 
ception is possibly that chemists 
are not used to sampling by sub- 
groups. Individual samples are 
apt to be taken at regular inter- 
vals during the day and if the only 
rational basis for sub-grouping is 
on a chronological scale, the prob- 
lem of sub-group size comes up as 
in batch operations. Instead of 
four measurements on individual 
pieces taken from the production 
at a given time followed by four 
more taken at once an hour later, 
we may have four hourly samples 
followed by four more taken at 
the next four hourly intervals. 
This pattern is well established 
and wil! be hard to change. More- 
over, the more or less homoge- 
neous nature, at a given time, of 
a stream of liquid or a flow of 
viscous or dry material would give 
four simultaneous samples a dif- 
ferent operational meaning than 
is customarily given them. The 
variation within the four would be 
most likely to be due to the test 
alone. 


In both batch and continuous 
processes of a chemical nature, the 
precision of the analytical meth- 
ods tends to be of greater relative 
importance than in mechanical 
processes. The reason is not al- 
ways that chemical tests are less 
precise, though many such tests 
are notably lacking in sufficient 
precision to measure real differ- 
ences in product. It possibly has 
as much to do with the expense of 
these analyses and the usual re- 
luctance to make replications. One 
test is often used to represent the 
quality of large and very valuable 
masses of material. Much de- 
pends on how well the true qual- 
ity is represented by the one meas- 
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urement Thus, it is important to 
know that the analytical method 
is precise, or better, how precise 
it is. It is desirable to know how 
likely the precision is to be affect- 
ed by weather conditions, by 
changes in reagents, or by differ- 
ences between operators. 

That is why standard samples 
are in such common use in the lab- 
oratories of the industry for com- 
parison with day to day measure- 
ments on production lots. The 
quality control methods are _in- 
valuable in determining how reli- 
able these standards are. Pro- 
duction charts are therefore often 
supplemented by laboratory 
charts for the standard sample. 


Where the Methods 
Apply in the Industry 


The importance of proper sam- 
pling and of precise analyses is so 
great that closer control of the pro- 
duction processes may have to 
await their achievement. Indeed, 
it is commonly accepted that qual- 
ity control work in the reseach and 
analytical laboratories must go 
along with, if not precede, quality 
control applications to production 
procedures. Contrasted to a me- 
chanical process where uniformity 
of a dimensional measurement is 
the object of quality control, a 
chemical process may offer many 
more opportunities for variability 
to enter into the end result. Fig- 
ure 4 indicates the principal steps 
in a simple chemical process. 


Raw Materials 


CHEMICAL 


(a) Raw Materials 
1 Sampling error 
2 Analytical error 


3 Inherent variability of the raw 
material supply 


PROCESS 

(b) Production Process 
1} Sampling error 

2 Analytical error 


3 Inherent variability of the pro 
cess 


MECHANICAL PROCESS 


1 Sampling error 


2 Error in 


measurements 


making dimensional 


3 Inherent variability of the ma 


chine 


FIGURE 5 


Raw materials enter the plant 
and their purity must be reported 
on by the anclytical or control lab 
oratory. If satisfactory, they are 
fed through the manufacturing 
process. The product must be an 
alyzed and classified before sale. 
The plant operators are interested 
primarily in the quality of the 
product but also are concerned 
with the yield that can be main- 
tained and the progress the re 
search laboratory is making in im- 
proving the process. 


The factors which 
quality and yield are variability of 
the raw materials and the innate 
variability of the production pro- 
cess. The chemist attempts to ob 


influence 
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tain information on these vari 


ables by sampling followed by 
chemical analysis There have 
been introduced, therefore, an 


other set of variables by the sam 
pling and analytical operations. It 
has been pointed out that due to 
the nature of chemical materials 
and analytical methods, these lat 
ter sources of variability may be 
so great as to mask the inherent 
variability of raw 
imperative that 


materials or 
processes. It is 
accurate measurement, rather 
than an opinionated estimate, be 
made of the magnitude of the 
sampling and 


compared to the raw material or 


analytical errors 


process variations 


Chemical and Mechanical 
Processes Contrasted 


in Figure 5, the variabilities 
which may be involved in chem 
ical and mechanical processes are 


contrasted 


The mechanical engineer is for 
tunate in that his sampling errors 
are usually small and can, for 
practical be taken as 
negligible if the operation is per 


formed 


purposes 
properly Occasionally, 
troubled by 


he is dimensional 
measurement, but most of the time 
the errors in measuring such prop 
erties as length can be taken as 
negligible His measurements give 
him directly a truly representative 
picture of the performance of his 
machine. He has not had the com 
plicating factors introduced into 
the problem facing the chemical! 
engineer who must deal with 


three simultaneous variabilities 
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The course of the mechanical engi- 
neer in adapting statistical meth- 
ods has been proportionately sim- 
pler 

The chemical industry, however, 
must look to statistical analysis 
of sampling and analytical vari- 
abilities to obtain a true picture of 
product variability. A measure of 
analytical precision may be ob- 
tained relatively easily by running 
consecutive replicate analyses 
Sampling presents certain physical 
difficulties which create a great 
deal of trouble. Nevertheless a 
proper choice of variables for con- 
trol experiments to assess this fac- 
tor can throw considerable light 
on this source of variability 


Many Control Techniques 
are Applicable 


It has been implied, if not dem- 
onstrated, that cll common quality 
control techniques are applicable 
to chemical production and ex- 
perimentation. Some of the basic 
methods have been in use for a 
long time Frequency distribu- 
tions, correlation and tests of sig 
nificance have been found useful, 
particularly in laboratory experi- 
mentation and research The sci- 
entists in this industry have used 
the statistical tools useful to sci- 
entists in every field of endeavor. 
Production men have used these 
techniques less frequently 

To production people, the con- 
trol chart, a relatively new tool, 
has perhaps most to offer. It is 
the simplest, most versatile means 
of capitalizing on statistics right 
out on the production floor. Un 
like most tools, instead of wearing 
out with use, it grows with use. 


In an industry where processes 
involving many intricately related 
variables are the rule, some of the 
more advanced techniques are 
proving increasingly valuable 
Among these are analysis of vari- 
ance and sequential analysis. 
Though they undoubtedly will find 
their greatest use in the research 
laboratories of the industry, they 
are, in their simpler forms, begin- 
ning to be used by production 
men. 

The plant operator is often in- 
terested in deciding on the rela- 
tive merits of different processes 
or machines and wants the an- 
swer to such questions as the fol- 
lowing. Is the variability in the 
product produced by a batch pro- 
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MIDDLE ATLANTIC REGIONAL CONFERENCE 
PRINCETON UNIVERSITY—DECEMBER 14 


More than 250 members and 
guests assembled for the welcom- 
ing address by Dean Condit of 
Princeton’s School of Engineering, 
after which two parallel meetings 
convened. That devoted to Anal- 
ysis of Variance heard Professor 
Frederick Mosteller, Harvard Uni- 
versity, present principles and ap- 
plication of analysis of variance 
in a form which brings this blue 
ribbon technique of the statistician 
to the practicing quality control 
operator in usable form. Dr. 
Philip Levine, Ortho Research 
Foundation, presented the appli- 
cation of statistical analysis in 
blood group and blood type re- 
search. Despite the use of an ar- 
ray of technical terms, this proved 
to be a most enlightening story of 
medical research. Professor John 
W. Tukey, Princeton University, 
followed with further elaboration 
of variance principles and an ap- 
plication in the textile field. 


The other Section, devoted to 
Process Control, claimed the at- 
tention of a majority of those at- 
tending the Conference as both 
principles and applications of 
chart control were presented by 
Mr. O. P. Beckwith, Alexander 
Smith and Sons Carpet Company, 
Mr. C. D. Ferris, General Electric 
Company, Messrs. W. L. Gore and 


cess greater than that produced by 
a continuous one? Does a higher 
temperature or pressure ata cer- 
tain stage in the reaction give an 
improved product? How does 
time of reaction affect yield? 
These are only a few of the ques- 
tions which may be answered by 
the application of the more com- 
plicated statistical methods. 

The research chemist, in addi- 
tion to his interest in precision or 
reproducibility of his experiments, 
is much concerned with the inter- 
relationships of variables. Physi- 
cal testing of such materials as 
rubber, paper, steel, and plastics 
may be cited as an example of 
where the determination of one 
physical property may be svuffi- 
cient to predict a number of oth- 
ers. The research chemist will 
wish to know the reliability with 
which this prediction can be made. 


Arthur Kalmbacher, E. |. du Pont 
de Nemours & Company, Mr. Ber- 
nard Hecht, International Resist- 
ance Company, and Mr.- D. H. 


Schwartz, Q@. M. C._ Inspection 
Service. 

Dr. E. Vernon Lewis, du Pont 
Experimental Station, gave the 


luncheon speech on “Quality Con- 


trol in Great Britain.” Dr. Lewis 
pointed out that quality control 
work is more closely identified 


with statistical work in Great 
Britain and observed that they 
have a similar problem to ours in 
management apathy. Their ten- 
dency to return to pre-war operat: 
ing methods is probably stronger 
than ours. He guessed that our 
willingness to venture into new 
applications of control technique 
was somewhat in contrast to the 
British tendency. 

The Conference closed with an 
afternoon session at which Mr. 
George F. Smith, President of 
Johnson and Johnson, presented 
“Management's Viewpoint of 
Quality Control”. The speaker's 
knowledge of control operation 
and his wholly practical atfitude 
toward his company’s control sys- 
tem marked him as an executive 
who understands the purpose of 
quality control and its place in the 
kit of management tools. 


The design of experiments is also 
a fruitful field for the elimination 
of waste effort. With proper 
choice of experimental conditions 
it is possible to minimize the num- 
ber of runs needed to determine 
a particular set of facts 


Problems Differ 

Only in Degree 
In the chemical industry, the 
areas needing control and the ele- 
ments of the control problem are 
much the same as in other indus- 
tries. Raw materials must be test- 
ed and accepted or rejected. Pro- 
duction processes must be con- 
trolled. Finally, the end product 
must be classified. As may be 
said truthfully of the application 
of quality control to any industry, 
the differences encountered in the 
chemical industry are important 

not in kind but in degree. 
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Third Annual Quality 
Control Clinic 


sponsored by 
QUALITY CONTROL ENGINEERS OF ROCHESTER 
A Section of the 
AMERICAN SOCIETY FOR QUALITY CONTROL 
affiliated with the 
INDUSTRIAL MANAGEMENT COUNCIL OF ROCHESTER 


PLACE: Rochester Chamber of Commerce 
55 St. Paul Street, Rochester, New York 
DATE: February 18, 1947 
REGISTRATION: 11:00 A.M. (no fee) 
LUNCHEON: 12:15 P.M. (charge, $1.25) 
CHAIRMAN: J. A. Tilton, Delco Appliance Division, General Motors 
SPEAKER: Lewis B. Swift, President, Taylor Instrument Company; 
Chairman of Industrial Management Council. 
SUBJECT: Management's View of Quality Control 
CLINICS: 2:00 P.M. to 5:00 P.M. (detailed program below) 
DINNER: 6:15 P.M. (charge, $1.75) 
CHAIRMAN Halsey H. Kent, Camera Works, Eastman Kodak Com- 


pany 
SPEAKER J. M. Juran, Professor and Chairman, Department of 
Administrative Engineering, New York University 


SUBJECT: The Quality Control Profession 


GAGE EXHIBITORS: 


Listed in column 3 


CLINIC LEADERS, THIRD ANNUAL QUALITY CONTROL CLINIC 


CLINIC 1 and Inspection Department for 
Success 

C. J. Hudson 

c/o Norton Company 


Worcester, Mass 


Sub-dividing Dimensions for 
Quality Control Purposes 
C. W. Kennedy 

Quality Control Engineer 
Federal Products Corp. 
Providence, R. | CLINIC 5 

Analysis of Variance in the Chem- 
ical Laboratory 

Ronald Noel 

Bristol Laboratories 

Syracuse, N. Y. 


CLINIC 2 
Selection of Personnel for the 
Quality Control Organization 
Warren Purcell 
Manager Q. C. Dept 
Lamp Division 
Sylvania Products, Inc 
Salem, Mass 


CLINIC 6 
Product and Process Control in the 
Chemical Industry 
Professor M. D. Gross 


CLINIC 3 University of Akron 
Sequential Analysis for Measure- Akron, Ohio 
ments 
Irving W. Burr CLINIC 7 
Department of Mathematics How to Interest Management in 


Purdue University Quality Control 
E. L. Fay, Chief Insp 
c o John Deere Tractor Co 


Waterloo, lowa 


CLINIC 4 


Cooperation between Production 
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CLINIC 8 
The Building of a Quality Control 
Organization 
Paul A. Robert 
Quality Control Engineer 
1.B.M. Plant 
Endicott, N. Y 


CLINIC 9 
Practical Use of Histograms in An 
alyzing Process Quality 
M. D. Benedict 
Gillette Safety Razor Co 
Boston, Mass 


CLINIC 10 
Sampling Procedures for Products 
Acceptance 
Arthur Wilder 
General Electric Co 
Providence, R. | 


CLINIC 11 
Demonstration 
Applications of 
Range Charts 
Professor C. C. Craig 
Professor of Mathematics 
University of Michigan 
Ann Arbor, Mich 


Construction and 


Average and 


CWUNIC 12 
ls your Inspection Department In 
specting 


Edwin A. Boyan 
Asst. Prof. of 
ment, M.I.T 


Business Manage 


GAGE EXHIBITORS 


Following is the list of companies 
that will exhibit equipment at the 
Clinic: 

Pratt & Whitney 

Bausch & Lomb Optical Company 
R. C. Neal Company, Ine 
Johnson Gage Company 

Brush Development Company 
Dow Mechanical Corporation 
Engineers Specialties Division, The 

Universal Engraving & Color 

plate Company, Inc 
Eastman Kodak Company 
The Sheffield Corporation 
Size Control Company 
B. C. Ames Company 
Bryant Chucking Grinder C ompany 
DoAll Rochester Company, Inc 
The VanKeuren Company 
Brown & Sharpe 

Company 
Greenfield Tap & Die Corporation 
Federal Products Corporation 


Manufactur ing 


INFORMATION 
Any further questions pertaining 
to this Clinic should be addressed 
to Mr. Raymond E. Golemb, Strom 
berg-Carlson Company, 100 Carl 
son Road, Rochester 10, New York 
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An Aid to Revision of Quality 
Control Chart Limits” 


H. H. FAIRFIELD 


FOUNDRY CONSULTANT WITH THE H. W. DIETERT CO., FORMERLY 


RESEARCH METALLURGIST, BUREAU OF MINES, OTTAWA, CANADA. 


The question most frequently 
asked by the user of Q. C. Charts 
is, “How can | tell when to revise 
the limits?”. There are, of course, 
many practical considerations 
which tend to divide a process into 
Batches of raw 
material, new machine 
setups, changes of operators, and 
many other plant conditions should 
be observed by the Quality Control 
engineer. The Quality Control 
Chart should be revised at the time 
of each major change in the pro- 
duction process 


definite periods 
new dies, 


Intelligent interpretation of the 
Quality Control Chart requires that 
the observer be acquainted with 
of day-to-day 


the many details 


operation. The best way to decide 
when to revise Quality Control 
Chart limits is to have sufficient 


experience and judgment of cur- 
rent conditions to know when a 
definite break in operation occurs 

It frequently happens that aver- 
age lines from previous data are 
extended, and current data do not 
seem to center around the previous 
average The engineer requires 
a method of estimating the prob- 
ability that the average requires 
revision 

lf it is assumed that the prob- 
ability that ao test value will be 
greater than the previous average 
is 0.5, then the probabilities for 
n values are 


Figure | gives a chart by means 
of which the data can be exam- 
ined to see if it conforms to the 
p-—.50 binomial. To use the chart, 
it is merely necessary io count the 
number of observations above and 
below the average line, and note 
the total number of observations 
and the difference between the 
number above and below the 
average line. 


For example: 20 consecutive ob- 
servations are recorded. When 
compared to the average for pre- 
vious data, it is found that 17 of 
these observations are greater 
than the previous average and 3 
of the observations are less than 
the previous average. What is 
the probability that the average 
line requires revision? 


Number above—number  be- 


low —14 


Total number of observations 


20 


Probability lies 
and .05 


More correctly stated: If the 
previous average is representative 
then the probability of the occur- 
rence as a chance event of 17 ob- 
servations above average and 3 
observations below average in a 
series of 20 consecutive observa- 
tions lies between .02 and .05. 


that in 20 


between .02 


Likewise, suppose 
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(Ya -+- a)! consecutive observations 16 are 

Suppose that six successive observations are made, the 

probability that 0 observations will be above average is 1/64 
probability that 1 observations will be above average is 6 64 
probability that 2 observations will be above average is 15/64 
probability that 3 observations will be above average is 20 64 
probability that 4 observations will be above average is 15 64 
probability that 5 observations will be above average is 6 64 
probability that 6 observations will be above average is 1,64 


found to be below a previously 
representative average. This case 
would be recorded as follows: 
Number below—number above 
12 
Total 
20 
Probability exceeds .10 
As is ordinarily the case, statis- 
tical analysis provides the basic in- 
formation. What action, if any, 
should be taken depends upon the 
surrounding manufacturing and 
engineering circumstances. In the 
first example a series of points 
have taken a pattern which would 
be expected only once in about 40 
such examples purely as a chance 
occurrence. This low ratio suggests 
that it would be in order to in- 
vestigate the likelihood that this is 
not a chance event. That is, it 
would be in order to study this 
process just as would be done, if 
one or more points had fallen out- 
side the upper control limit. If 
an upward shift in the level of the 
process has occurred, points will 
fall outside the previously deter- 
mined upper control limit sooner 
or later. But the device described 
here may permit the detection of 
an assignable cause before the out 
of control condition has had a 
chance to develop. The serious- 
ness of the latter situation depends, 
of course, upon the relation of the 
control limit to the specified toler- 
ance. If a safety factor is pres- 
ent, the action called for in this 
example presumably will be a re- 
computation of the control chart 
average and limits. If no safety 
factor exists, corrective action is 
needed to return the average to 
its former level. 


number of observations 


*Published by the Permission of the 
Director, Mines and Geology Branch, 
Department of Mines and Resources, 
Ottawa, Canada. 
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An analysis of the statistical evi- 
dence may lead to a different line 
of action in the second example. 
In this case 16 of 20 points fell 
below the average, a_ pattern 
which might be expected once in 
ten times purely as a chance event. 
The question of whether to look 
for trouble rests on the likelihood 
of making either of two kinds of 
error: (1) the error of looking for 
an assignable cause when none 
exists; (2) the error of failing to 
look for an assignable cause which 
does exist. An event with probe- 
bility, .10, is not so unlikely that 
the quality control operator can 
afford to risk making the first er- 
ror. He usually can better afford 
to risk making the second error by 
waiting for additional evidence. 
Even this statement must be inter- 
preted in terms of a given set of 
circumstances. If the control chart 
under study were a record of the 
final operation of a long sequence 
performed on an expensive piece 
part and undersize pieces had 
to be scrapped, then clearly it 
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would be safer to risk the first 
error by investigating this case. 
The foregoing should be suffi- 
cient evidence of the importance of 
the earlier statement that statistical 
analysis provides pertinent infor- 
mation; the proper action depends 
upon manufacturing and engineer- 
ing circumstances. Even so, there 
are certain principles of action 
connected with the four diagonal 
lines on the chart. These are mere- 
ly a summary of the course of 
action usually followed by quality 
control operators: ' 


(1) If the point falls below the .10 
line, take no action, but follow 
the case closely. 


(2) If the point falls between the 
10 line and the .05 line, the 
case is suspect, do or do not 
take action according to non- 


statistical elements of the case 


If the point falls between the 
05 line and the .02 line, as- 
sume the presence of an as 
signable cause and act accord- 
dingly. 


T 
100 


(4) If the point falls above the .02 
line, an assignable cause is not 
only assumed present but is as 
sumed to be an imminent 
trouble maker; thus calling for 
immediate corrective action. 


All of the preceding has been 
applied to the chart for averages 
The entire argument applies with 
equal validity to the for 
ranges. In fact, the this 
technique in analyzing the range 
chart is in some respects more im 
portant than its use with the chart 
for averages, because an increase 


chart 


use of 


in the average range means a 
change in the natural tolerance 
of the process, a condition which 


may be much more difficult to cor 
rect and one which in the long run 
will produce more out of dimension 
product 

The plan developed here is ap 
plicable to measurement charts in 
any quality control installation. The 
author has found the plan quire 


useful in operating a battery of 
from 10 to 30 charts in a steel 
foundry 
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Slide Disk Calculator 


G. S. MERRILL 


ENGINEERING DIVISION, LAMP DEPARTMENT 
GENERAL ELECTRIC COMPANY 


Reprint from the General Electric Review, 


June, 1946, Vol. 40, No. 6, pages 30-33 


Review by Doris Newman, 


Instructor in Statistics, University of Buffalo 


In statistical quality control, the 
measure of dispersion most fre- 
quently employed is the range. Al- 
though the efficiency of the range 
as a measure of dispersion drops 
rapidly as the number of items in 
a set of values increases, the ease 
of computation is in no small way 
responsible for its popularity. The 
standard, or root-mean-square de- 
viation, is generally regarded as 
the most efficient measure of dis- 
persion. It has not been widely 
used because the calculation in- 
volved is somewhat lengthy. The 
slide disk calculator devised by G. 
S. Merrill is particularly adapted to 
the statistical computation of the 
standard deviation for sets of data 
for which the number of items is 
not very large preferably less 
than 25. The calculator consists of 
a disk with a center pin projecting 
a short distance from the back and 
sliding in a slot located under the 
disk. The upper side of the disk 
is covered with a material such as 
a heavy drawing paper, into which 
the point of a pin can be pressed. 
Mounted at right angles to the slot 
is an arithmetic movable scale 
under which the disk may turn and 
slide, moving the inserted pin 
horizontally along the arithmetic 
scale and varying its position ver- 
tically with respect to the arith- 
metic scale. The mathematical 
principle by which the instrument 
operates can be briefly illustrated 
as follows 

Given a set of N values, X;, Xo, 

. . X&y having an arithmetic mean 
X, for which the standard deviation 
is required. Let x, —-X,—X, 
Xe» == X X, ete The standard 
deviation of the set is defined as 


KN 


To obtain the value of this expres- 
sion on the slide disk calculator, 
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successive right triangles are 
forfed; on the first triangle, the 
sides are the deviations from the 
means, x; and x», and the length 
of the hypotenuse is 





[KK 
This length then becomes a side of 
the next triangle and the length of 
x, is laid off to form the other side, 
so that the length of the hypote- 
nuse of the second triangle is 


(xh K+ x 


and so on. The final length de- 
sired is then measured in terms of 
the scale units and with the aid of 
an alignment chart, this value can 


be divided by Vv n, yielding the 
standard deviation. 


The slide disk calculator can also 
be used to determine correlation 
coefficients by finding the standard 
deviations of the two lots and the 
standard deviation of the differ- 
ences or sums of corresponding 
pairs of values. No multiplying 
of corresponding values is re- 
quired. A curved scale can be 
added for use in calculating the 
arithmetic mean of a set of read- 
ings and also for calculating the 
mear. deviation from either the 
arithmetic mean or the median 
value. The slide disk calculator 
also simplifies the calculation of 
the geometric mean based on the 
logarithms of the values in a set 
and the standard deviation of the 
logarithms from their average, and 
the means and deviations based 
on any function. In routine calcu- 
lations, arithmetic scales specially 
marked for the usual range of 
values can be prepared. The ac- 
curacy of computations can be con- 
trolled, and is limited, by this adap- 
tation of special scales to the indi- 
vidual problem. 





Training and Refresher Course 
Provided by the Chicago Section 


The Chicago Section of the 
American Society for Quality Con- 
trol is at present engaged in an 
educational enterprise which de- 
serves to be brought to the atten- 
tion of all members of the Society. 
Beginning in September 1946 and 
continuing monthly until June 
1947, the Section is presenting a 
series of instruction classes which 
are available to all who desire to 
participate. These classes have 
regularly drawn an attendance of 
more than 150 persons, most of 
whom are not now members of 
the Section, and the great majority 
of whom are learning about quali- 
ty control technique for the first 
time. They are employees of sev- 
eral score concerns in the Chicago 
area, and even college students. 

The lectures are given without 
charge by members of the Chicago 
Section. In earlier lectures the 
fundamentals of the subject were 
covered as follows: the concept of 
control by the use of statistical 
methods, computation of averages 
and dispersion, the preparation of 
a frequency distribution of meas- 
urements and the pattern of op- 
erating variability, the control 
charts for measurements, the form 
of distribution of fraction defective 
records and the use and interpre- 
tation of fraction defective charts, 
and the parallel development for 
number of defects. Each lecture 
has been copiously illustrated by 
examples drawn from the lectur- 
er’'s experience. Members of the 
Section make a point of attending 
these lectures so that a number of 
experienced ~ operators will be 
available to answer individual 
questions after the formal session 
has disbanded. 

In subsequent lectures more ad- 
vanced techniques will be present- 
ed as follows: analysis of vari- 
ance, significance tests, correla- 
tion, application of probability prin- 
ciples in sampling inspection, and 
sequential sampling methods. The 
dates and subjects of these lectures 
can be found in the July, 1946 is- 
sue of INDUSTRIAL QUALITY CON- 
TROL, p. 28. 

The Chicago Section put this plan 
into operation in response to many 
requests made during the previous 
year. That the course has suc- 
ceeded is best attested by the num- 
ber and enthusiasm of those at- 
tending. 
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LOCAL SOCIETY REPORTS 


Southern Connecticut Society 

for Quality Control 

The Second Meeting of the So- 
ciety was held in the Burroughs 
Library in Bridgeport on Wednes- 
day evening, 20 November, 1946. 
Over a hundred members and 
guests were present. 

Chairman Folsom of the Society 
called the meeting to order and 
outlined the progress so far made 
in the organization work of the 
Society. Mr. Folsom then _ intro- 
duced Mr. C. D. Ferris, Secretary 
of the Society, who gave a short 
synopsis of the New England Re- 
gional Quality Control Conference 
in Boston at which he had repre- 
sented the Society the previous 
week. 

Mr. Folsom then introduced Mr. 
G. D. Edwards, President of the 
American Society for Quality Con- 
trol, as the speaker of the evening. 
Mr. Edwards had chosen as his 
subject: “Quality Control And 
What Our Societies Can Contri- 
bute To Its Advancement.” His re- 
marks were enthusiastically re- 
ceived by all present, and were 
followed by a general question 
and discussion period. 


The Delaware Quality Control 
Society 


Dr. Andrew |. Peterson, Quality 
Control Manager of the RCA-Vic- 
tor Division of RCA and Vice-pres- 
ident of ASQC addressed a joint 
November meeting of the Dela- 
ware Quality Control Society and 
the local chapter of the Society for 
the Advancement of Management. 

Mr. Peterson's talk was entitled 
“The Value of Quality Control to 
Management” and was divided 
into two distinct parts, one con- 
cerned with the philosophy of the 
application of Quality Control pro- 
grams, the other with examples of 
the value of such program to man- 
agement. 

In the first part of his talk Mr. 
Peterson stressed the fact that the 
successful quality control program 
is the result of the careful integra- 
tion of a number of factors, one of 
the most important of which is vol- 
untary co-operation of the several 
groups of human beings involved 
in such a program. He stated that 
the only available economic tech- 
nique of process control, or of 
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product inspection, is that based 
on statistical’ methods, and fur- 
ther, that he believes the present 
emphasis on_ statistical quality 
control is the inception of one of 
the most economic movements in 
the history of the science of man- 
agement. 

In the second part of his talk 
Mr. Peterson cited a number of ex- 
amples of reduction of scrap and 
improvement of quality resulting 
from the use of quality control 
methods in the manufacture of va- 
cuum tubes. 


California Section American 
Society for Quality Control 


The Section met at Hotel Clark 
at Los Angeles on October 24 for 
its annual business meeting. The 
Constitution was amended to 
bring our fiscal year in agreement 
with that of the National Society, 
and to change the name of the 
Society and officers as recom- 
mended by the National Board of 
Directors. New officers were 
chosen for the interim period as 
follows: J. M. Howell, Chairman; 
Stuart Manly, Vice Chairman; W. 
H. Lewis, Secretary; Robert L. Tur- 
ner, Treasurer. 

A very interesting talk was giv- 
en by Stuart Manly, Quality Con- 
trol Engineer, for the Grayson 
Heat Control, on the “Psycholog- 
ical Aspects of Quality Control” 
Mr. Manly emphasized that the 
Quality Control Section should be 
a service department. It must 
give something to the foreman 
rather than ask something of the 
foreman. One interesting aspect 
of the Grayson plant is incentive 
payment for foremen, which _ in- 
cludes control of scrap and re- 
work. 

At the December 3 meeting, Mr 
J. E. O'Hagan, Vice President and 
Factory Manager of Grayson Heat 
Control presented an_ interesting 
talk entitled, “Selling the Boss”. 
Mr. O'Hagan pointed out that the 
regular rules of salesmanship are 
important in selling quality con- 
trol. He pointed out four funda- 
mental steps: 

1. Know your product Quality 

Control). 
2. Establish confidence 


3. Condition the prospect. 


4. Await the proper opportu- 
nity to close the deal. 

Mr. O'Hagan also emphasized 

the importance of servicing the ac- 
count once it is established. 


Mr. C. M. Boswell, newly ap- 
pointed Chairman of the Publicity 
and Public Relations Committee, 
presented a plan of action for giv- 
ing quality control a wider pub- 
licity in the California area. Talks 
before manager groups = and 
magazine articles will serve as a 
basis for the program 


Hartford Society for Measurement 
and Control 


Although the Hartford Society is 
one of the newer members of the 
American Society family, it is a 
well established going concern 
with a previous record of many 
years as a measurements society. 
Programs thus far this year have 
brought to our members and 
guests the following speakers: 
October 16, Mr. Adam Gabriel, 
Acme Industrial Co., “Light Waves 
and Their Use in Industry.” No- 
vember 20, Mr. J. M. Brown, West- 
inghouse Electric Corp., “Practical 
Applications of Quality Control 
Methods.” December 18, Mr. F. G 
Tatnall, Baldwin Locomotive 
Works, “Strain Gages and Their 
Use in Industry.” January 15, Mr 
F. R. Bokorney, Gisholt Machine 
Co., “Recent Developments in Bal 
ancing Machines.” 

The speaker at the February 19 
meeting will be Mr. Andrew | 
Peterson, Manager of Quality Con 
trol, Radio Corporation of Ameri 
ca, and Vice-President of the 
American Society for Quality Con 
trol. Mr. Peterson’s topic will be 
“Quality Control Applications” and 
the emphasis will fall on the types 
of control used in the manufacture 
of electronic tubes and 
equipment 

The officers of the Society are 
Chairman, William H. Gourlie; 
Vice-Chairman, Joseph J. Ferri; 
Treasurer, Arnold Collins; Secre- 
tary, Archie McDougall. The Hart- 
ford members of American Society 
Committees are: Board of Direc 
tors, Stanley Johnson; Constitution 
and By-Laws, Raymond K. Hell- 
man; Membership, Dean Ayer; 
Publicity, G. L. Manke; Program, 


related 
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Joseph J. Ferri; Entertainment, 
Carl Moeller; Attendance, Robert 
MacGregor. 


At the Annual Meeting, May 21, 
the year’s activities will be brought 
to a close with a combined tech- 
nical and business session. The 
speaker for this meeting will be 
announced later, but all members 
and their guests are urged to plan 
ahead to attend this important 
meeting. 


Society for Statistical Quality Con- 
trol-Metropolitan New York Section 


The December 13 meeting of the 
Society was held jointly with the 
Conference on Acceptance Samp- 
ling of Newark College of Engi- 
neering.. The speaker was Pro- 
fessor S. S. Wilks, Princeton Uni- 
versity. His presentation of “Fu- 
ture Development in Research and 
Training for Industrial Statistics” 
was well received by more than 
100 members and guests. This 
blueprint for future development 
of quality control is promised in 
print at a future date by the New- 
ark College. Dr. Walter Shew- 
hart, Bell Telephone Laboratories, 
commented in masterly fashion on 
Dr. Wilks’ paper. His elaboration 
of Dr. Wilks’ points aided the avu- 
dience in fixing them clearly in 
mind. 


Pittsburgh Section American 
Society for Quality Control 


At the October 24th meeting at 
Carnegie Tech., Mr. E. L. Robinson 
of Carnegie Illinois talked on the 
“Status of Statistical Methods as 
Applied to Steel Mill Research”. 
His interesting and practical talk 
dealt with experience in steel 
plants. 

His remarks can be summarized 
to some extent as follows: 

Control charts are very slowly 
being accepted by plant person- 
nel. Their opposition is due to 
lack of education and resistance to 
the work of keeping the charts. 

Mr. Robinson advised the use 
of simple methods in the plant. He 
described a simple method of esti- 
mating the region within a com- 
plex system of variables which 
gives best results, and stated that 
it had been quite useful in several 
instances. 

He said the variability in results 
from ane time period to another 
when using multiple correlation 
and analysis of variance made it 
necessary to be very careful in the 
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interpretation of results to man- 
agement. 

Mr. Robinson felt that there is a 
definite need for education in and 
use of statistical methods in the 
plants. He is, however, distinctly 
concerned about the difficulties in- 
volved in gaining their acceptance 


by both the operating depart- 
ments and management. For this 
reason statistical methods may 


largely remain a tool for special- 
ists. 


Society for Quality Control 
Northeastern Indiana 


The November 13 meeting of 
the Society was held at the Inter- 
national Harvester Company’s 
plant. Mr. Walter Oliver, Tim- 
ken Detroit Axle Company, pre- 
sented results of the application of 
statistical technique to control of 
sizes of broached holes and how 
specifications have been rewritten 
to incorporate knowledge gained 
from use of control charts. Mr. 
Frederick J. Halton, Deere and 
Company, in telling the story of 
the introduction of quality control 
methods in plants of his company, 
stressed the point of view of man- 
agement that here is a tool not 
merely for production control, but 
broadly speaking for finger-tip 
contact of management with all 
phases of operations. 


Mr. J. E. Rahn, Farmall Works, 
International Harvester Company, 
Rockford, was the speaker at the 
December 11 meeting. His pre- 
sentation of the methods used in 
introducing quality control in his 
plant was instructive to all who 
attended. 


Society for Quality Control 
State University of lowa Group 


The fall meeting was held at 
lowa City, December 13-14. At 
the morning session of December 
13, Mr. R. H. Colvin, Burd Piston 
Ring Company, Rockford, spoke 
on “Quality Control vs Piston 
Rings”. Professor Lloyd Knowler 
presented a technical problem at 
the afternoon session, after which 
a business session, dinner, and 
reconvened business session fol- 
lowed in order. At the concluding 
session on December 14, Mr. G. 
G. Parkin, Minnesota Mining and 
Manufacturing Company, St. Paul, 
spoke on “Statistical Quality Con- 
trol Concepts Applied to Waste 


and Personnel Efficiency” and Dr. 
Allen T. Craig, University of lowa, 
presented a technical problem. 


Ohio Quality Control Society 


At the Society's November 8 
meeting, Mr. W. T. Rogers, Na- 
tional Tube Company, Lorain, 
spoke on “Quality Control in a 
Large Steel Mill”. Most persons 
are aware of the complications 
connected with the application of 
control technique to the manufac- 
ture of steel products. Mr. Rog- 
ers’ account of how charts and re- 
lated devices are being used by 
his company was very instructive 
to members in other industries as 
well as to steel men. 

Many of the members of the So- 
ciety attended a Sigma Xi meeting 
at Case Schoo! of Applied Science 
on November 15 at which Dr. Irv- 
ing Burr, Purdue University, pre- 
sented “Statistical Methods in 
Engineering and Industry”. 


On December 13 at the regular 
monthly meeting of the Society, 
Mr. J. R. Steen, Sylvania Elec- 
tric Products, Emporium, Pennsyl- 
vania, spoke on “Quality Control, 
the Why and Wherefore” and 
“Practical Applications of Process 
Control”. Mr. Steen pesented the 
point of view of his company in 
developing the use of statistical 
control in its plants. He also 
showed the type of control work 
being done in the Tube Plant at 
Emporium and reported results of 
transfer of control information be- 
tween plants. 


Buffalo Section American 
Society for Quality Control 


The November 26 meeting of 
the Society was held in the Public 
Library at Lockport and was spon- 
sored by Harrison Radiator Divi- 
sion, Lockport. Mr. Howard Bol- 
ton, Harrison Radiator, Buffalo 
Plant, told the story of beginning 
production in a new plant with 
quality control to guide opera- 
tions. Exhibits of automobile 
heaters and defrosters aided in 
showing the problems of assembly 
control encountered. 

Mr. Wilbur Burns, Harrison Ra- 
diator, Lockport Plant, presented 
most vividly by charts and exhibits 
the use of statistical control in im- 
proving the quality of automobile 
radiator production. The key to 
his report was the statement that 
leaks per radiator at initial test had 
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been reduced from 6+ to 1 in 
the space of less than one year 
through introduction of control 
charts on the production line. This 
application carries additional in- 
terest because it is control in the 
presence of skewed distributions. 
Specifically, the better the work- 
manship, the more skewed the dis- 
tribution of leaks. 


Chicago Society for Quality Control 


At the Chicago Society’s Novem- 
ber meeting Professor |. W. Burr 
of the Department of Mathema- 
tics, Purdue University, presented 
the results of his research on the 
application of sequential analysis 
of measurements to the setting or 
resetting of a manufacturing pro- 
cess. This paper, which was very 
well received, contained informa- 
tion for which many of the mem- 
bers had immediate practical ap- 
plication. 

Through the use of constants for 
a chosen degree of sampling risk 
Professor Burr developed a set of 
economical acceptance and rejec- 
tion limits for determining wheth- 
er a given process is set at the de- 
sired level and for determining 
when resetting is required. The 
constants are so set up that the 
sequential sampling either gives 
assurance that the process is set 
for satisfactory operation or indi- 
cates the need for resetting when 
the level of quality drifts a chosen 
distance in either direction from 
the desired mean. These deci- 
sions are arrived at with a mini- 


mum of sampling effort which is 
performed in a sequential man- 
ner. 

Announcement was made at the 
November meeting that the So- 
ciety’s twenty-five dollar award 
for the best original paper on 
Quality Control by one of its mem- 
bers during the 1945-46 period 
had been won by Mr. H. L. Jones 
of the Illinois Bell Telephone Com- 
pany. Mr. Jones’ paper, on 
“Sampling Plans for Verifying 
Clerical Work”, appears in this is- 
sue of Industrial Quality Control. 


Quality Control Engineers 
of Rochester 


The December dinner and meet- 
ing attended by 160 members and 
guests was held at the Rochester 
Chamber of Commerce on Tues- 
day, December 17. 

John Centa, E. |. DuPont, De- 
fender Division, newly appointed 
director to replace R. K. Dean, for- 
merly of Defender and now resid- 
ing in Vermont, was introduced to 
the members by President Halsey 
Kent. 

The gage control sub-group 
meeting with Chairman W. lL. 
Myers, Gleason Works, has been 
working with A. L. Davis of the 
Rochester Institute of Technology 
staff to plan a program in the field 
of precision measuring. The 
course, called Precision Measure- 
ment, is reported to be completed 
and will be offered in the school 
term beginning January 13th. 


Warren Purcell, Manager Qual- 
ity Control Department, Lamp Di- 
vision, Sylvania Products Inc., 
presented an interesting talk on 
Quality Control at Work. Stating 
the need in his company for a 
Quality Control Technician to co- 
ordinate and direct the work of 
on the job control engineers, he 
outlined to the group ten qualifi- 
cations necessary for the man in 
this position if he is to use effec- 
tively the modern techniques of 
Quality Control. 


The first Quality Control Meet- 
ing of the Rochester Chapter for 
1947, was held Tuesday, January 
21, at the Chamber of Commerce 

It was a panel discussion on 
“Quality Control At Graflex, Inc.”, 
Rochester, New York. The speakers 
on the panel, all members of the 
Graflex organization, were as fol- 
lows: 

M. B. Moore, Assistant Chief 
Engineer, “What Management ex- 
pects of Quality Control.” 

David Ohl, Quality Control En 
gineer, “Quality Control—A service 
to Engineering and Production.” 

P. G. Fishback, Quality Control 
Staff, “Gage Control and Measure- 
ment Techniques at Graflex.” 

Each subject was handled very 
well by the individual speakers, re- 
sulting ina very lively question and 
answer period. 

We had 175 present and _ this 
meeting stands as being one of 
the best, so far, of the 1946-47 
Season. 


AMERICAN SOCIETY NEWS 


Founding Memberships 
The National Officers are re- 
ceiving an increasing number of 
inquiries from members and pros- 
pective members in all parts of the 
country with respect to Founding 


Memberships in The American So- 
ciety for Quality Control. The fol- 
lowing information may serve to 
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JANUARY, 


answer similar questions in the 
minds of others who may not yet 
have had occasion to initiate spe- 
cific inquiries. 

The American Society Constitu 
tion provides that any member of 
the Society “may become a Found 
ing Member by paying an addi- 
tional sum of not less than five 
dollars before June 30, 1947.” 


Up to this time, 148 members 
have exercised their privilege of 
becoming Founding Members. The 
first Year-Book of the American 
Society for Quality Control will list 
the names of these and subse 


quently enrolled Founding Mem 
bers as a part of the permanent 
records of the Society 
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The opportunity is hence still 
open to ail present members to 
take up Founding Membership 
prior to June 30, 1947, by send- 
ing an additional sum of not less 
than five dollars to Mr. Ralph E. 
Wareham, Executive Secretary, 
305 East 43rd St., New York 17, 
N. Y. Similarly prospective mem- 
bers may join the Society di- 
rectly as Founding Members by 
sending not less than $7.50 to the 
Executive Secretary, but this priv- 
ilege will cease at June 30, 1947 


Convention News 


The November issue of INDUS- 
TRIAL QUALITY CONTROL carried 
an advance notice of the First An- 
nual Convention of the American 
Society for Quality Control, to be 
held at the Sherman Hotel in Chi- 
cago on 5th and 6th June, 1947. 


The working out of plans for 
the Convention is continuing and 
these will be announced in sub- 
sequent issues of INDUSTRIAL 
QUALITY CONTROL as rapidly as 
they are completed 


The Exhibits Committee has 
completed a brochure showing the 
diagrams, locations, rental prices, 
etc., for the sixty exhibit spaces 
be available for the 
Convention, together with the 
rules and other arrangements 
governing exhibits. A number of 
the spaces have already been 
sold Desirable spaces are still 
available, but it is suggested that 
early choice and reservation be 
made Copies of the exhibit 
space brochure may be obtained 
by addressing 


which will 


Mr. Henry J. Becker, Exhibits 
Chairman 

c o American Steel and Wire 
Co., Waukegan, Illinois 


Members are again urged to 
make their reservations for the 
Convention as early as possible. It 
is apparent that the full accom- 
modations for the 
and at least one of the luncheons 
will be sold out long in advance 
of the meeting. This will also 
probably be true for some of the 
clinics, as well as for hotel rooms. 
Reservations should hence be sent 
as soon as possible to: 

Mr. Harold R. Kellogg, General 

Secretary 
P.O. Box No. 1097 
Chicago 90, Illinois 


main dinner 
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This Convention offers the first 
opportunity for a general meeting 
of the membership of the Amer- 
ican Society for Quality Control. 
A general report will be made to 
the Convention on the progress 
which has been accomplished so 
fur in the organization of the So- 
ciety, on its aims, and on the di- 
rection in which it appears to be 
moving. The Convention offers 
real opportunity for the members 
to discuss these matters, to be- 
come better acquainted with each 
other, to exchange ideas, to ac- 
quire information and inspiration 
which will be of real value in their 
work, and finally to have an all 
around good time. It is hoped 
that it will attract attendance of a 
wide representation of the mem- 
bership from all of the local Sec- 
tions throughout the United States 
and Canada, as well as of the 
members-at-large. 


American Society News 
Additional Local 
Societies Affiliated 


Three additional local Societies 
have recently become Sections of 
the American Society for Quality 
Control, viz: 


Southern Connecticut Society for 
Quality Control. 

Southern Tier Society for Qual- 
ity Control. 

Toronto Quality Control Society. 


With these additions, the Amer- 
ican Society now has twenty-five 
active Sections. 


Terms Fixed For 
Members of Board of Directors 


The Constitution and By Laws of 
the American Society provide that 
the terms of one-half of the Di- 
rectors shall expire on 30 June, 
1947, and the balance one year 
later. Thereafter, the terms of all 
Directors are to be for two full 
years. The Board is directed to 
determine the length of the initial 
terms of the several Directors and 
the Board has now made this de- 
termination. 

Including a number of recent 
changes and additions to the 
Board of Directors, its composition 
is now as follows: 


OFFICERS — 
June, 1947 


President: 
George D. Edwards 


Terms expiring 30 





Vice President: 

Andrew |. Peterson 
Executive Secretary: 

Ralph E. Wareham 
Treasurer: 

Alfred L. Davis 
Chairman, Editorial Board: 

Martin A. Brumbaugh 


DIRECTORS — Terms Expiring 30 

June, 1947 
Boston: 

Charles J. Hudson 
California: 

John M. Howell 
Delaware: 

Arthur R. Kalmbacher 
Hartford: 

S. G. Johnson 
Indiana: 

Harry B. Marsh 
Michigan: 

Herbert G. Winter 
Newark: 

Paul S. Olmstead 
Ohic: 

Wade R. Weaver 
Philadelphia: 

Harry W. Poole 
Rochester: 


Halsey H. Kent 
Southern Connecticui: 
Charles D. Ferris 


Syracuse: 
Richard W. Coolbaugh 


Western Massachusetts: 
Morton M. Newcomb 


DIRECTORS Terms expiring 30 

June, 1948 
Buffalo: 

Alfred J. Winterhalter 
Chicago: 

Ernest H. Robinson 
Georgia: 

Ralph A. Hefner 
linois: 

Roman M. Hammes 
lowa: 

Frederick J. Halton, Jr. 
Milwaukee: 


Bernard F. Litzau 
North Eastern Indiana: 

K. E. Ross 
Omaha: 

Carl W. Helmstadter 
Pittsburgh: 

Earl W. Mahaney 
St. Louis: 

L. S. Kauffman 
Southern Tier: 

Merlin J. Barret 
Toronto 

B. A. Griffith 
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Terms of Executive 
Committee Members 


As a result of determination by 
the Board of Directors of the terms 
of the several members of the 
Board, the terms of the present 
members of the Executive Commit- 
tee of the American Society have 
been automatically fixed as fol- 
lows: 


OFFICERS 

June, 1947 
President: 

George D. Edwards 
Vice Pesident: 

Andrew | 
Executive Secretary: 

Ralph E. Wareham 
Treasurer: 

Alfred L. Davis 
Chairman, Editorial Board: 

Martin A. Brumbaugh 


REGIONAL DIRECTORS~—Terms ex- 
piring 30 June, 1947 
New England: 
Charles J. Hudson 
Middle Atlantic: 
Paul S. Olmstead 
Central: 
Wade R. Weaver 
Western: 
John M. Howell 


REGIONAL DIRECTORS Terms ex 

piring 30 June, 1948 
Northern: 

Alfred J. Winterhalter 
Mid-West: 

Frederick J. Halton, Jr 


Terms 


expiring 30 


Peterson 


Executive Committee Meeting 
Buffalo, 28 September, 1946 


In addition to those items re- 
ported on in the November Issue 
of INDUSTRIAL QUALITY CONTROL, 
the following matters were consid 
ered at the September meeting of 
the Executive Committee of the 
American Society for Quality Con- 
trol: 

General Committees 

The President reported activa- 
tion of all of the General Commit- 
tees authorized by the Executive 
Committee, as follows: 


Committee on Membership 

Committee on Relations with 
Educational Institutions 

Committee on Programs and 
Speakers 

Committee on Publicity and 
Public Relations 

Committee on Relations with 
other Technical Societies 


JANUARY, 1947 


Committee on Professional 
Ethics and Qualifications 
As its Chairman, Mr. Hudson re 
ported that the Committee was 
hard at work on the problem of 
personal consultant advertising in 
INDUSTRIAL QUALITY CONTROL, 
which had been referred to the 
Committee by the Executive Com- 
mittee for recommendations. It was 
Mr. Hudson's feeling that solution 
of this problem would probably re- 
quire establishment of grades of 
membership in the Society, with 
suitable qualification require- 
ments for each grade. He indi- 
cated that the Committee was giv 
ing careful consideration to this 
proposal 


Technical Committees 

The President suggested that 
the Society would probably ulti- 
mately wish to have Technical 
Committees, each responsible for 
activities in connection with the 
development of one major phase 
of quality control and for encour 
aging technical meetings and the 
presentation of technical papers in 
connection therewith 

Real need had 
peared for such a Committee which 
would be responsible for stand 
ardization of definitions of quality 
control terms, nomenclature, and 
symbols The Executive Commit 
tee authorized the President to ap 
point a Committee on Standard 
ization which could undertake 
these responsibilities 


already ap 


Translation of Members 


The Executive Secretary report 
ed receipt of requests from a num 
ber of individual 


they be transferred from one local 
y 


members that 


society Section to another Section 
He requested instructions as to the 
handling of such requests 

The 
agreed that any member may be 
translated from one Section to an 
other at any time at his own re 


Executive Committee 


quest, but that the corresponding 
credit or transfer of local dues was 
a matter for determination by the 
Sections involved It was the gen 
eral feeling of the Executive Com 
mittee that since less than one 


year's dues would ever be in 
volved, such transfer of local dues 
already paid might well be waived 


by the Sections 


First Annual Convention 


Mr. Halton reported that he was 
authorized, on behalf of the Gen- 
eral Committee of the Second Mid 
West Quality Control Conference, 
to extend to the American Society 
an invitation to make that Con 
ference its First Annual Conven 
tion. He stated that the organi 
zation and facilities of the Second 
Mid West Quality Control Confer 
ence would be at the disposal of 
the Society for the Annual Conven 
tion, and that the technical and 
other portions of the program 
would be arranged to meet the 
needs of the American Society 
Convention. Conference and ban 
quet rooms, etc., had already been 
reserved at the Sherman Hotel in 
Chicago for Thursday and Friday, 
5th and 6th June, 1947, and 
blocks of sleeping rooms had also 
been reserved at the Hotel Sher 


man 


Following discussion of further 
details involved in the necessary 
arangements, the Executive Com 
mittee decided to accept the invi 
tation of the Second Mid West 
Quality Control Conference The 
President was authorized to make 
such arrangements and appoint 
such Committees as necessary for 
co-operation with the Mid West 
Conference Committee in the con 
duct of the Convention 


Executive Committee Meeting 
New York, 15 December, 1946 


The Executive Committee of the 
American Society for Quality Con 
trol held a five-hour meeting at 
the Harvad Club in New York City 
on 15 December, 1946 
were Messrs. George D. Edwards, 
Ralph €E Wareham, 
Secretary; Andrew |. Peterson, Al 
fred L. Davis, Martin A. Brum 
baugh, Charles J. Hudson, Paul 
S. Olmstead, Alfred J. Winterhal 
ter, Wade R. Weaver, and Fred 
erick J. Halton, Jr 


Present 


Chairman; 


The Executive Secretary report 
ed that the membership was al 
most 1500, and the Treasurer re 
ported a balance on hand slight 
ly in excess of $4000. The Treas 
urer warned however, that this 


apporently large balance should 
not lead the Society into any com 
mitments not absolutely neces 
sary, since necessary expenditures 


for the bal 


for the magazine, etc., 
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Economical Control 
at Production — 
a Management Tool 


Federal Indicating Gages plus Quality Control Charts 
Make Graphic what is happening at the Machine 
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ELECTRONIC 
As estremety The Federal Quality Control Primer 
will be mailed to anyone interested 
in this new management tool. 
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